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(54) Optical wavelength converting system and wavelength stabilised laser 

(57) A light wavelength converting element which 

can reduce an amount of light fed-back to a semicon- i 
ductor laser. The light wavelength converting element 
converts a wavelength of a fundamental wave which 
enters from a first end surface side of an optical 
waveguide to thereby emit a converted wavelength 
wave from a second end surface side thereof. The sec- 
ond end surface is inclined with respect to the side sur- 
face of the optical waveguide. Also provided is a 
wavelength stabilized laser having a semiconductor 
laser, a device which feeds a laser beam emitted from 
the semiconductor laser back to the semiconductor 
laser, and a band-pass filter. An optical length between 
the semiconductor laser and the device is made to be 
longer than a coherent length of the semiconductor 
laser, thus improving linearity of a current vs. light out- 
put characteristic. Further, a light wavelength converting 
unit and a light wavelength converting module are pro- 
vided in which, since an LD-SHG unit formed by a sem- 
iconductor laser and a light wavelength converting 
element is hennetically sealed in a package, the LD- 
SHG unit can be manufactured easily and has excellent 
stability over time. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001 ] The present Invention relates to a light wave- 
length converting system which includes a light wave- 
length converting element, a light wavelength 
converting module, and a wavelength stabilized laser. 
[0002] A first aspect of the present invention relates 
to a light wavelength converting element, and more spe- 
cifically to an optical waveguide-type light wavelength 
converting element in which an optical waveguide is 
formed on a substrate having a nonlinear optical effect 
[0003] Further, the present invention relates to a 
light wavelength converting module in which such a light 
wavelength converting element as described above and 
an external resonator-type semiconductor laser which 
makes a laser beam as a fundamental wave enter the 
light wavelength converting element are connected to 
each other. 

[0004] A second aspect of the present invention 
relates to a wavelength stabilized laser in which a sem- 
iconductor laser beam is passed through a band-pass 
filter to thereby stabilize an oscillating wavelength 
thereof. 

[0005] A third aspect of the present invention 
relates to a light wavelength converting module which 
converts a wavelength of a fundamental wave which is 
emitted from a semiconductor laser by using the light 
wavelength converting element. More specifically, the 
third aspect of the present invention relates to a light 
wavelength converting unit which is provided with a 
semiconductor laser having an external resonator and 
with a light wavelength converting element which con- 
verts the wavelength of a fundamental wave which is 
emitted from this semiconductor laser into a second 
hannonic or the like, and to a light wavelength convert- 
ing module having this light wavelength converting unit. 

Description of the Related Art 

[0006] Regarding the first aspect of the present 
invention, conventionally, for example, as disclosed in 
Japanese Patent Application Laid-Open (JP-A) No. 10- 
254001 , there has been known a light wavelength con- 
verting element in which an optical waveguide which 
extends unilaterally is formed on a ferroelectric crystal 
substrate having a nonlinear optical effect, in which 
domain inverting portions in which orientations of spon- 
taneous electrodes of the substrate are inverted are 
periodically formed on the optical waveguide, and in 
which a fundamental wave, which, within the optical 
waveguide, guides waves in a direction in which the 
domain inverting portions are arrayed, is converted into 
a second harmonic or the like. 

[0007] This publication (JP-A No. 10-254001) also 



discloses a light wavelength converting module which 
connects the aforementioned light wavelength convert- 
ing element and a semiconductor laser which makes a 
laser beam as a fundamental wave enter this light wave- 

5 length converting element. Further, this publication also 
discloses a technique in which the aforementioned 
semiconductor laser and an external resonator having a 
wavelength selecting element such as a nan^ow band- 
pass filter are combined. Due to the operation of the 

10 external resonator, a wavelength which is transmitted 
from the semiconductor laser is locked at a predeter- 
mined wavelength. 

[0008] JP-A No. 6-160930 discloses a light wave- 
length converting element in which an optical 

15 waveguide is formed on a substrate having a nonlinear 
optical effect to thereby convert a wavelength of a fun- 
damental wave which enters from one end surface side 
(proximal end surface) of the optical guide and emit a 
converted wavelength wave from the other end surface 

20 (distal end surface) thereof. The proximal end surface 
and/or the distal end surface of the optical waveguide 
are formed so as to be inclined in a vertical direction 
(namely, with respect to a plane orthogonal to a direc- 
tion in which the optical waveguide extends, within a 

25 plane orthogonal to the surface of the substrate, which 
surface includes this direction). In this structure, the fun- 
damental wave which structures the optical waveguide 
and which enters the aforementioned proximal end sur- 
face and/or the distal end surface is reflected outwardly 

30 from these end surfaces at an angle with respect to the 
direction in which the optical waveguide extends. There- 
fore, this fundamental wave is prevented from re-enter- 
ing the optical waveguide and from becoming a fed- 
back light which enters the semiconductor laser. 

35 [0009] In the light wavelength converting module 
which is structured as described above, generally, a 
reflection preventing coating (AR (acid resisting) coat- 
ing) is applied to one end surface and the other end sur- 
face including the optical waveguide end surface of the 

40 light wavelength converting element. However, such an 
AR coating does not exhibit a perfect reflectance of 0%. 
In a case of an Si02 single-layered coating formed by 
using a vacuum evaporation device with an ordinary 
spectral reflection monitor, the reflectance is 0.05 % to 

45 0.1 %. 

[0010] Accordingly, the fundamental wavelength is 
reflected slightly at an emitting end of the light wave- 
length converting element and then retums to the sem- 
iconductor laser, thus adversely affecting oscillation of 

50 the semiconductor laser. A more detailed description of 
the problem due to the fed-back light to the semiconduc- 
tor laser will be given hereinafter with reference to a 
case in which a second harmonic is generated by using 
an external resonator-type semiconductor laser as a 

55 fundamental wave light source. 

[001 1 ] When the driving current of the semiconduc- 
tor laser is increased, the temperature of the semicon- 
ductor laser varies, and the wavelength thereof 
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changes, and the oscillating wavelength thereof 
changes periodically in the vicinity of a central wave- 
length selected by a wavelength selecting element. An 
exannple of such a change as described above is shown 
in Fig. 8. This is an example of a case in which the oscil- 
lating wavelength and the wavelength of the semicon- 
ductor laser are about 950.0 nm and 1 mm, respectively, 
and the transmitting central wavelength and the trans- 
mitting width of the narrow band-pass filter which is the 
wavelength selecting element are 950,0 nm and 0.5 nm, 
respectively. 

[0012] As described above, the light which is 
reflected and returns to the semiconductor laser and the 
light which proceeds to the emitting end of the optical 
waveguide interfere to each other. However, since an 
optical path length inside the light wavelength convert- 
ing element is fixed, the amount (intensity) of the light 
which returns to the semiconductor laser varies period- 
ically in accordance with the change of the wavelength. 
When the amount of light which retums to the semicon- 
ductor is great, a vertical mode hop occurs or the oscil- 
lation strength becomes unstable. For this reason, for 
example, as shown in Fig. 9, the current vs. light output 
characteristic (referred to as I L characteristic hereinaf- 
ter) of the second harmonic swells or the amount of light 
varies unstably (noise is generated). In a semiconductor 
laser having such a characteristic as that illustrated in 
Fig. 9, a problem arises in that, when an APC (auto- 
matic power control) or an output stabilizing control is 
applied to the semiconductor laser, the variation in the 
amount of light over time becomes large, namely, the 
noise increases. When such a light wavelength convert- 
ing module is used as a recording light source for a 
laser scanner, for example, the problem arises that 
more noise is generated in the recorded image. 
[0013] In particular, since the semiconductor laser 
whose oscillating wavelength has been locked by the 
above-described external resonator has high mono- 
chromaticity. It is easy for the above-described interfer- 
ence to occur, and the problem due to the fed-back light 
is likely to be caused. 

[0014] The light wavelength converting element 
which is disclosed in the above-described JP-A No. 6- 
106930 has been provided in order to overcome such 
problems due to fed-back light. However, since the other 
end surface of the optical waveguide is formed so as to 
be inclined In a vertical direction, in order to avoid the 
effect of the fed-back light, this inclination should be 
made relatively large. Therefore, in this light wavelength 
converting element, there arises the problem that the 
converted wavelength wave emitted from the other end 
surface of the optical waveguide is reflected largely, 
thus making it difficult to align optical axis of the laser 
beam with other optical elements. 
[0015] In a case in which the proximal end surface 
is inclined as described above, a problem arises in that 
the light emitted from the semiconductor laser does not 
efficiently enter the light wavelength converting ele- 



ment. 

[0016] With regard to the second aspect of the 
present invention, conventionally, as disclosed in JP-A 
No. 10-186427, there has been known a wavelength 

5 stabilized laser in which the laser beam emitted from the 
semiconductor laser is passed through the band-pass 
filter, and light is fed back to the semiconductor laser to 
thereby stabilize the oscillating wavelength of the semi- 
conductor laser. 

10 [0017] The wavelength stabilized laser is funda- 
mentally structured by a semiconductor laser, a collima- 
tor lens which makes parallel a laser beam which is 
emitted in a state of a divergent light from this semicon- 
ductor laser, a condenser lens which converges the 

15 laser beam which has been made parallel by the colli- 
mator lens, a means which returns the converged laser 
beam to the semiconductor laser, and a band-pass filter 
which is disposed between the collimator lens and the 
condenser lens and through which only light of prede- 

20 termined wavelengths is passed. 

[0018] In the wavelength stabilized laser, the laser 
beam which has been selected by the band-pass filter is 
returned to the semiconductor laser so that the oscillat- 
ing wavelength of the semiconductor laser is stabilized. 

25 [0019] However, in the conventional wavelength 
stabilized laser having the aforementioned structure, 
there is a problem in that the linearity of the IL charac- 
teristic is unsatisfactory. The present inventors studied 
the reasons for this and arrived upon the results 

30 described below. 

[0020] In the wavelength stabilized laser having the 
above-described structure, when an optical member 
such as a min-or or the like is inserted into the optical 
path of the laser beam which is emitted from the semi- 

35 conductor laser, laser beams which have been reflected 
from the end surfaces of the min-or return to the semi- 
conductor laser. Therefore, from this semiconductor 
laser, rays of light having different optical path lengths 
merge together and emitted. In this way, the rays of light 

40 having different optical paths interfere with each other. 
When a driving current which is applied to the semicon- 
ductor laser is varied, heat is generated by the semicon- 
ductor laser such that the refractive index and the length 
change, and the oscillating wavelength changes as well. 

45 Thus, when the oscillating wavelength changes, since 
the above-described state in which the rays of light 
interfere with each other also changes, the linearity of 
the IL characteristic may deteriorate. 
[0021 ] With regard to the third aspect of the present 

50 invention, conventionally, an excitation solid-state laser, 
which excites a solid-state laser crystal by light which is 
emitted from a laser diode, has been used as light 
sources of a blue color laser (473 nm) or a green color 
laser (532 nm). These excitation solid-state lasers, as 

55 shown in Fig. 36, include a laser diode 1 10 in a trans- 
verse multi-mode which emits a laser beam 100 as 
excited light, a condenser lens 1 1 2 which converges the 
laser beam, a solid-state laser crystal 1 1 4, a mirror 1 1 6 
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which is disposed ahead of the solid-state laser crystal 
and which forms an incident side end surface of the 
solid-state laser crystal 1 14 and an internal resonator, 
an SHG crystal 1 18 for generating a second harmonic, 
which is disposed between the solid-state laser crystal 
114 and the min-or 116 and which has a periodic 
domain inversion structure, a Brewster's plate 119 
which is disposed between the solid-state laser crystal 
114 and the SHG crystal 118, and an etalon 120 which 
is disposed between the SHG crystal 1 1 8 and the mirror 
116. 

[0022] Such an excitation solid-state laser uses 
laser crystals and the like such as a YAG crystal and a 
YV04 crystal which are solid-state laser media and on 
which a rare earth element such as neodymium (Nd) 
has been doped. However, not only the laser crystals 
limit an oscillating wavelength to a predetermined wave- 
length, but also the laser crystal itself exhibits low 
response frequendes, for example, 100 kHz with the 
YAG crystal and 2MH2 with the YV04 crystal. Accord- 
ingly, there has been the drawback in that rapid modula- 
tion cannot be performed with an excitation solid-state 
laser. Further, in order to structure the internal resona- 
tor, reflection films or AR films, which correspond to an 
incident wavelength, a resonating wavelength, and an 
emitting wavelength, respectively, must be provided at 
the solid-state laser crystalline or the member which 
forms the resonator, and the manufacturing of the inter- 
nal resonator becomes complicated. Moreover, due to 
the use of the laser diode in the transverse multi-mode, 
a transverse mode hop is caused which causes noise. 
[0023] Further, in such an excitation solid-state 
laser, a resonator structure such as a Fabry- Perot type 
resonator or a ring resonator is adopted. However, a 
problem arises in that, due to changes in the humidity or 
atmospheric pressure in the environment in which the 
laser is used, the length of the resonator changes, and 
an oscillating wavelength thereby varies. In particular, 
etalon is apt to be influenced by the environment in 
which the laser is used. For this reason, JP-A No. 9- 
266338 discloses an excitation solid-state laser in which 
a solid-state laser crystal, a laser diode, and all of the 
optical element forming a resonator are stored or her- 
metically sealed in a container whose interior is main- 
tained in an airtight state. Changes in the length of the 
resonator due to changes in humidity or atmospheric 
pressure are eliminated, thus preventing variations in 
the output of the solid-state laser and the oscillating 
wavelength. However, in this excitation solid-state laser, 
there has been a problem that since all of the main 
structural components must be hermetically sealed, the 
device becomes bulky and the manufacturing cost 
thereof becomes high. Further, there has been a prob- 
lem in that, when the number of components to be her- 
metically sealed is large, a mirror or the like deteriorates 
over time due to gasses which are generated from the 
respective components so that the output from the 
solid-state laser thereby deteriorates. 



SUMMARY OF THE INVENTION 

[0024] In view of the aforementioned fiacts, it is an 
object of a first aspect of the present invention to pro- 

5 vide a light wavelength converting module and a light 
wavelength converting element which is used for the 
light wavelength converting module, in which the 
amount of the light returning to a semiconductor laser 
can be reduced and optical axis alignment with other 

10 optical elements is simple. 

[0025] There is provided a first light wavelength 
converting element comprising: (a) a substrate having a 
nonlinear optical effect and (b) an optbal waveguide 
formed on the substrate, the optical waveguide having 

15 first and second end surfaces which oppose one 
another, with the second end surface inclined relative to 
a direction substantially orthogonal to the first end sur- 
face, the second end surface emitting a converted 
wavelength wave when a fundamental wave enters the 

20 first end surface. 

[0026] The aforementioned angle of the inclination 
is more preferably 7 degrees or more. Further, when the 
angle of inclination is at least 3 degrees and less than 7 
degrees, it is desirable that a reflection preventing coat- 

25 ing (AR (acid resisting) coating) whose reflectance with 
respect to the fundamental wave is about 0.1 % is 
applied to the other end surface of the optical 
waveguide. A coating of Si02 is preferably used. 
[0027] There is provided a second light wavelength 

30 converting system which comprises, (a) a substrate 
having a nonlinear optical effect; (b) an optical 
waveguide formed on the substrate, the optical 
waveguide having first and second end surfaces, the 
second end surface emitting a converted wavelength 

35 wave when a fundamental wave enters the first end sur- 
face; and (c) a block of material having a refractive index 
substantially equal to the refractive index of said optical 
waveguide connected to said second end surface of 
said optical waveguide. 

40 [0028] There is provided a third light wavelength 
converting element which comprises, (a) a substrate 
having a nonlinear optical effect; (b) an optical 
waveguide formed on the substrate, the optical 
waveguide having first and second end surfaces, the 

45 second end surface emitting a converted wavelength 
wave when a fundamental wave enters the first end sur- 
face; and (c) a phase modulation portion for modulating 
a phase of the fundamental wave. 
[0029] It is desirable that the phase modulation por- 

50 tion is disposed between the wavelength converting 
portion and the other end surface of the optical 
waveguide. 

[0030] The light wavelength converting module 
according to the present invention is formed by directly 
55 connecting, wrthout any optical elements disposed ther- 
ebetween, any of the above -described light wavelength 
converting elements according to the present invention 
and an external resonator-type semiconductor laser 
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which makes a laser beam as a fundamental wave enter 
from one end surface side of the light wavelength con- 
verting element. 

[0031] In the light wavelength converting module 
according to the present invention, it is desirable that a 
means to superpose high frequency current on a driving 
current is provided to drive the external resonator-type 
semiconductor laser. 

[0032] In the first light wavelength converting ele- 
ment of the present invention, since the other end sur- 
face of the optical waveguide from which the converted 
wavelength wave is emitted is inclined by 3 degrees or 
more in a transverse direction (which is within a plane 
which is substantially parallel to the surface of the sub- 
strate, with respect to a plane orthogonal to the direc- 
tion in which the optical waveguide extends), the 
fundamental wave which was wave-guided through the 
optical waveguide and which entered the other end sur- 
face reflects outwardly at an angle with respect to the 
direction in which the optical waveguide extends. 
Accondingly, the fundamental wave does not re-enter 
the optical waveguide and is thereby prevented from 
becoming a fed-back light entering the semiconductor 
laser. 

[0033] As compared to a light wavelength convert- 
ing element which is formed by inclining the other end 
surface of the optical waveguide in a vertical direction 
such as the light wavelength converting element dis- 
closed in the aforementioned JP-A No. 6-160930, as 
shown in Rg. 6, when the amounts of light fed-back to 
the semiconductor lasers are the same, the first light 
wavelength converting element of the present invention 
can reduce the inclination of the other end surface of the 
optical waveguide. Accordingly, the first light wavelength 
converting element of the present invention can sup- 
press, to a relatively low level, curving of the converted 
wavelength wave which is emitted from the other end 
surface of the optical waveguide and facilitate optical 
axis alignment with other optical elements. 
[0034] In the second light wavelength converting 
element according to the present invention, since the 
block of a material whose refractive index is substan- 
tially equal to an effective refractive index of the optical 
waveguide is connected to the other end surface of the 
optical waveguide, the fundamental wave which is emit- 
ted as a divergent light from the other end surface of the 
optical waveguide is not reflected at the interface 
between the other end surface and the block, and 
reaches the external end surface of the block (i.e., the 
end surface at the opposite side of the optical 
waveguide) and is reflected thereat. Since the funda- 
mental wave in the divergent state thus reflected 
advances so as to increasingly separate from the opti- 
cal waveguide as the fundamental wave approaches the 
optica! waveguide side, the fundamental wave does not 
re-enter the optical waveguide and is prevented from 
becoming fed-back light which enters the semiconduc- 
tor laser which Is the source of the fundamental wave. 



[0035] The third light wavelength converting ele- 
ment according to the present invention differs from the 
second and the first light wavelength converting ele- 
ments of the present invention in that the fed-back light 

5 may enter the optical waveguide, and the fed-back light 
and the fundamental wave which advances to the other 
end surface of the optical waveguide interfere with each 
other. However, since the phase modulation portion 
which modulates a phase of the fundamental wave 

10 which is wave-guided through the optical waveguide is 
provided, the difference in the optical paths of the fed- 
back light to one end surface of the optical waveguide 
and the fundamental wave which proceeds to the other 
end surface thereof changes rapidly. Accordingly, even 

75 when the wavelength is changed, the amount of the fed- 
back light within a frequency domain which is higher 
than the frequency domain for actual use can be 
changed. As a result, the semiconductor laser can oper- 
ate stably. 

20 [0036] The light wavelength converting module 
according to the present invention is formed by directly 
connecting the light wavelength converting element and 
the external resonator-type semiconductor laser to each 
other, without using the optical elements. Accordingly, it 

25 is difficult for the light wavelength converting module to 
be affected by the fed-back light from the proximal end 
surface, as compared to a case in which the light wave- 
length converting element and the external resonator- 
type semiconductor laser are connected by using opti- 

30 cal elements. Accordingly, when an external resonator- 
type semiconductor laser which has high monochroma- 
ticity and in which problems tend to be caused due to 
fed-back light is used, these problems can be reliably 
overcome. 

35 [0037] in accordance with the present invention, 
instability of output of the converted wavelength wave 
due to the fed-back light from the light emitting end sur- 
face of the light wavelength converting element is mini- 
mized, and a light source with stable output and low 

40 noise is obtained. 

[0038] A semiconductor laser whose oscillating 
wavelength has been locked by an external resonator 
has a narrow spectral width and a large interference 
effect. Accordingly, when such an external resonator- 

45 type semiconductor laser is used, in order to obtain a 
smoother IL characteristic, it is particularly important to 
take measures against the fed-back light. As a result, 
the application of the prevent invention is particularly 
effective. 

50 [0039] The connection, without use of optical ele- 
ments, of the light wavelength converting element and 
the external resonator-type semiconductor laser means 
the state of connection such as shown in Fig. 1 which 
will be described later. The gap between the optical 

55 wavelength converting element and the semiconductor 
laser is decreased to the extent that the IL curvec of the 
semiconductor laser within the domain for actual use 
does not swell. For example, when the length of the 
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waveguide-type light wavelength converting element is 
1 0 mm, a gap of about 1 0 ^ or less does not cause 
swelling. 

[0040] In accordance with the second aspect of the 
present invention, an object is to improve the linearity of 5 
the IL characteristic in a wavelength stabilized laser in 
which a band-pass filter is used to stabilize the oscillat- 
ing wavelength of the semiconductor laser. 
[0041] There is provided a wavelength stabilized 
laser, which comprises: a semiconductor laser having a 
coherent length and a laser beam emitting end surface; 
a device which feeds a laser beam emitted from the 
semiconductor laser back to said semiconductor laser 
along a feed back path having an optical length greater 
than the coherent length; and a band-pass filter dis- 
posed between the device and the semiconductor laser, 
which substantially passes therethrough only light of 
predetermined wavelengths. 

[0042] As a means to return the laser beam to the 
semiconductor laser, a typical mirror and an optical fiber 
whose one end is an incident end surface of the con- 
verged laser beam and whose other end surface is a 
reflecting surface, or the like can be preferably used. 
[0043] In the present invention, when a typical sem- 
iconductor laser is used, the optical length from the end 
surface of the semiconductor laser from which the laser 
beam is emitted to the position of the semiconductor 
laser at which the laser beam is fed back is preferably 
more than 1 00 mm. 

[0044] In the wavelength stabilized laser of the 
present invention, it Is preferable to superpose high fre- 
quency current so as to drive the semiconductor laser. 
[0045] Further, in the wavelength stabilized laser, a 
mlnror or a prism which changes the optical path of the 
laser beam, and an optical material whose refractive 
index is more than 1 and through which the laser beam 
is passed, are preferably disposed between the semi- 
conductor laser and a means to feed the laser beam 
back to the semiconductor laser. 
[0046] In the preferred embodiment of the present 
invention, there is provided a light wavelength convert- 
ing element in which the laser beam which is emitted 
from the semiconductor laser is converted to a second 
harmonic. 

[0047] In the wavelength stabilized laser of the 
present invention, the optical length from the laser 
beam emitting end surface of the semiconductor laser 
to the laser beam fed-back position of the semiconduc- 
tor laser is made to be longer than the coherent length 
of the semiconductor laser, thus improving the linearity 
of the IL characteristic. With reference to the wave- 
length stabilized laser shown in Rg. 14, a more detailed 
description of this effect will be given hereinafter. 
[0048] The wavelength stabilized laser of Rg. 14 
has a semiconductor laser (laser diode) 1 0, a collimator 
lens 12 which makes parallel a laser beam 1 1 which is 
emitted as the divergent light from this semk^onductor 
laser 10, a condenser lens 13 which converges the 



laser beam 1 1 R which has been made parallel, a mirror 
20 which is disposed at a position where the laser beam 
11 is converged by the condenser lens 13, a narrow 
band-pass filter 14 which is disposed between the colli- 
mator lens 12 and the condenser lens 13, and a beam 
splitter 1 50 which is disposed between the band-pass 
filter 14 and the collimator lens 12. 
[0049] in this wavelength stabilized laser of Rg. 1 4, 
the coherent length of the semiconductor laser 10 is 
about 100 mm. The IL characteristic is shown in Rg. 19 
for a case in which the optical length between the sem- 
iconductor laser 10 and the mirror 20 is 150 mm which 
is larger than the aforementioned coherent length. The 
IL characteristic is shown in Fig. 20 for a case in which 
the optical length between the semiconductor laser 1 0 
and the mirror 20 is 18 mm which is smaller than the 
aforementioned coherent length. As shown in these fig- 
ures, as compared to a case in which the optical length 
is made to be smaller than this coherent length, when 
the optical length between the semiconductor laser 1 0 
and the mirror 20 is made to be larger than the coherent 
length, the IL characteristic has a particularly excellent 
linearrty. 

[0050] In the wavelength stabilized laser of the 
present invention, a min-or or a prism which changes the 
optical path of the laser beam, and an optical material 
whose reflectance is more than 1 and through which the 
laser beam is passed, are disposed between the semi- 
conductor laser and the means to return the laser beam 
to the semiconductor laser. In accordance with this 
structure, even if the optical length from the laser beam 
emitting end surface of the semiconductor laser to the 
means to return the laser beam to the semiconductor 
laser is set to be relatively large, the optical path 
between the semiconductor laser and the means for 
feeding back the laser beam to the semiconductor laser 
can be made compact, and the wavelength stabilized 
laser can thereby be made compact. 
[0051] Further, when a typical semiconductor laser 
is used in the present invention, if the optical length from 
the laser beam emitting end surface of the semiconduc- 
tor laser to the laser beam fed-back position of the sem- 
iconductor laser Is set to be more than 100 mm, the 
linearity of the IL characteristic can reliably be 
improved. Namely, the coherent length Lc of the semi- 
conductor laser in a case in which the oscillating wave- 
length is X, the spectral width is AX, and the reflectance 
of the medium is n can be determined by the following 
equation: Lc=A.^/(27inAA.) , and the coherent length L in 
a case of a typical semiconductor laser is about 100 
mm. Therefore, when a typical semiconductor laser is 
used, the optical length may be set to be greater than 
100 mm. 

[0052] A first object of the third aspect of the 
present invention is to provide a light wavelength con- 
verting unit and a light wavelength converting module 
(A) which can be structured simply without using a 
solid-state laser crystal, (B) which can directly wave- 
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length-convert the fundamental wave em'rtted from the 
senniconductor laser, by using the light wavelength con- 
verting element, (C) whose manufacturing is facilitated 
by hemietically sealing a small number of components, 
and (D) which has excellent stability overtime. 
[0053] A second object of the third aspect of the 
present invention is to provide a light wavelength con- 
verting module which can output the converted wave- 
length wave stably in spite of changes in the humidity or 
atmospheric pressure of the environment in which the 
light wavelength converting module is used. 
[0054] In order to accomplish the first object of the 
third aspect of the present invention, there is provided 
the first light wavelength converting unit, which com- 
prises (a) a semiconductor laser having a reflecting 
member, and first and second surfaces, the laser when 
operated emitting a laser beam through the first end 
surface towards the reflecting member which forms an 
external resonator, and causes a laser beam to ema- 
nate as a fundamental wave from the second end sur- 
face; (b) a light wavelength converting element 
connected directly to the second end surface of the 
semiconductor laser to convert a wavelength of the fun- 
damental wave when emitted from the second end sur- 
face of the semiconductor laser; (c) a connection unit 
directly connecting the laser to the converting element; 
and (d) a hermetic sealing member hermetically sealing 
the connection unit directly connecting the semiconduc- 
tor laser and the light wavelength converting element 
[0055] The reflecting member of the first light wave- 
length converting unit, and the second end surface of 
the semiconductor laser form the external resonator. 
The laser beam which Is emitted to the reflecting mem- 
ber side is oscillated by the external resonator so that a 
laser beam which is a fundamental wave is emitted from 
the second end surface. The laser beam emitted from 
the second end surface is wavelength-converted by the 
light wavelength converting element which is directly 
connected to the second end surface of the semicon- 
ductor laser. 

[0056] Since the semiconductor laser and the light 
wavelength converting element are directly connected 
to each other, there is no need to use a solid-state laser 
crystal and the first light wavelength converting unit can 
be structured simply. Accordingly, the fundamental 
wave which is emitted from the semiconductor laser is 
directly wavelength-converted by the light wavelength 
converting element. Here, "direct connection" means 
that an emitting end surface of the semiconductor laser 
and the light wavelength converting element are opti- 
cally connected to each other in a state in which both of 
the elements are provided so as to be adjacent to each 
other without interposing a lens therebetween. Namely, 
"direct connection" does not mean a physical connec- 
tion of these element. 

[0057] Since a solid-state laser crystal is not used, 
the freedom in selecting an oscillating wavelength Is 
enhanced, thus enabling rapid modulation. 



[0058] In this light wavelength converting unit, since 
a connection unit of the semiconductor laser and the 
light wavelength converting element is hermetically 
sealed by the hermetic sealing member, the manufac- 

5 turing thereof is facilitated. Further, since the number of 
components which are hemrietically sealed is small, 
deterioration of the sealed components overtime due to 
gasses which are generated from the respective com- 
ponents can be prevented. Moreover, the connection 

10 unit may include a substrate which is needed for con- 
necting the semiconductor laser and the light wave- 
length converting element, components such as a 
mount, and wires which are needed for wiring. 
[0059] In order to accomplish the above-described 

15 first object, there is provided a second light wavelength 
converting unit, which comprises comprising: (a) a sem- 
iconductor laser having a reflecting member, and first 
and second surfaces, the laser when operated emitting 
a laser beam through the first end surface towards the 

20 reflecting member which forms -an external resonator, 
and causes a laser beam to emanate as a fundamental 
wave from the second end surface; (b) a light wave- 
length converting element connected directly to the sec- 
ond end surface of the semiconductor laser to convert a 

25 wavelength of the fundamental wave when emitted from 
the second end surface of the semiconductor laser; (c) 
a lens disposed adjacent to at least one of the first end 
surface of the semiconductor laser and the emitting end 
surface of the light wavelength converting element, (d) a 

30 connection unit directly connecting the lens to the sem- 
iconductor laser and the light wavelength converting 
element; and (e) a hermetic sealing member hermeti- 
cally sealing the connection unit directly connecting the 
lens to the semiconductor laser and the light wavelength 

35 converting element. 

[0060] Similarly to the first light wavelength convert- 
ing unit, in the second light wavelength converting unit, 
since there is no need to use a solid-state laser crystal 
and this unit can be structured simply, the fundamental 

40 wave which is emitted from the semiconductor laser can 
be directly wavelength-converted by the light wave- 
length converting element. Accordingly, the freedom in 
selecting an oscillating wavelength Is enhanced, and 
rapid modulation is made possible. 

45 [0061] Further, in the second light wavelength con- 
verting unit, a lens is disposed adjacent to at least one 
of the first end surface of the semiconductor laser and 
the emitting end surface of the light wavelength convert- 
ing element, and the connection unit which connects the 

50 lens, the semiconductor laser, and the light wavelength 
converting element is hermetically sealed by the her- 
metic sealing member. Thus, in the same way as the 
first light wavelength converting unit, it is easy to manu- 
facture the second light wavelength converting unit. Fur- 

55 ther, because the number of components which are 
hermetically sealed is small, deterioration of the sealed 
components over time due to gasses which are gener- 
ated from the respective components can be prevented. 
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Moreover, since the lens is hermetically sealed, when 
the lens is mounted to the module or the like, there is no 
need to align the lens with the semiconductor laser or 
the lens with the light wavelength converting element. In 
addition, the connection unit may include a substrate 5 
which is needed for connecting the semiconductor laser 
and the light wavelength converting element, compo- 
nents such as a mount, and wires which are needed for 
wiring. 

[0062] In order to accomplish the above-described 
first object, the light wavelength converting module 
includes the reflecting member which forms the external 
resonator, and the first or second light wavelength con- 
verting unit. The first or second light wavelength con- 
verting unit can be formed as the light wavelength 
converting module. 

[0063] In order to accomplish the above-described 
second object, in the light wavelength converting mod- 
ule, a light-passing coating film Is provided on a laser 
beam incident side surface of the reflecting member, 
and a high reflectance coating film is provided on a sur- 
face opposing the laser beam incident side surface. 
[0064] . In the light wavelength converting module, 
the laser beam is passed through the light-passing coat- 
ing film which is provided at the laser beam incident side 
surface of the reflecting member, and converged at the 
interface of the substrate of the reflecting member and 
the high reflection coating film which is provided on the 
surface at the opposite side of the laser beam incident 
side surface. Therefore, as compared to a case in which 
the laser beam is converged onto the surface of the 
reflecting member, a beam spot diameter on the laser 
beam incident side surface of the reflecting member 
increases. As a result, it is difficult for dust to adhere to 
the surface of the reflecting member so that deteriora- 
tion of the reflectance of the reflecting member can be 
prevented. 

[0065] In order to accomplish the above-described 
second object, in the light wavelength converting mod- 
ule, the resonator length of the external resonator is 
made to be larger than the coherent length of the funda- 
mental wave. 

[0066] In the light wavelength converting module, 
since the resonator length of the external resonator is 
made larger than the coherent length of the fundamen- 
tal wave, the interference due to the fed-bacl< light to the 
semiconductor laser can be prevented so that the line- 
arity of the IL characteristic can be maintained. Namely, 
if the resonator length of the external resonator is made 
larger than the coherent length of the semiconductor 
laser, when the resonator length of the external resona- 
tor changes somewhat, it does not greatly affect the 
oscillating wavelength of the semiconductor laser. 
Accordingly, by merely hemnetically sealing a small 
number of the components including the semiconductor 
laser and the light wavelength converting element, this 
light wavelength converting module can output a con- 
verted wavelength wave stably and can sufficiently 



respond to changes in humidity or atmospheric pres- 
sure of the environment in which the light wavelength 
converting module is used. 

[0067] In the above-described light wavelength con- 
verting unit and the light wavelength converting module, 
since the semiconductor laser is driven i3y the cun^ent 
on which high frequency current has been superposed, 
vertical mode competition of the semiconductor laser is 
suppressed to thereby prevent variation of the oscillat- 
ing wavelength, thus making the light output of the con- 
verted wavelength wave stable. 

BRIEF DESCRIPTION OF THE DRAWINGS 



15 [0068] 

Fig. 1 is a schematic plan view illustrating a light 
wavelength converting module according to a first 
embodiment of the present invention. 
20 Fig. 2 is a schematic perspective view illustrating a 
manufacturing state of a light wavelength convert- 
ing element which structures the light wavelength 
converting module of Fig. 1 . 
Rg. 3 is a schematic explanatory view of a cutting 
25 state of a substrate which is used for the light wave- 
length converting element of Fig. 2. 
Rg. 4 is a schematic perspective view illustrating 
domain inverting portions which are formed at the 
light wavelength converting element of Fig. 2. 
30 Rg. 5 is a graph illustrating a relationship of an 
inclined cut angle, an amount of the fed-back light 
to the semiconductor laser, and a transverse 
spreading angle of a fundamental wave of the light 
wavelength converting element in the light wave- 
as length converting module of Fig. 1 . 

Rg. 6 is a graph illustrating a relationship between 
an inclined cut angle and the amount of a fed-back 
light to the semiconductor laser of the light wave- 
length converting element in the light wavelength 
40 converting module of Rg. 1 . 

Rg. 7 is a graph illustrating an iL characteristic of a 
second hamionic in the light wavelength converting 
module of Fig. 1. 

Rg. 8 is a graph illustrating the state of the change 
45 of an oscillating wavelength due to the change of a 
driving cun'ent of the semiconductor laser. 
Rg. 9 is a graph illustrating an example of an IL 
characteristic of the second hamnonic in a conven- 
tional light wavelength converting module. 
50 Rg. 10 is a schematic side view illustrating a light 
wavelength converting module according to a sec- 
ond embodiment of the present invention. 
Fig. 11 is a schematic plan view illustrating a light 
wavelength converting module according to a third 
55 embodiment of the present invention. 

Rg. 12 is a side view illustrating a light wavelength 
converting module having a wavelength stabilized 
laser according to a fourth embodiment of the 
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present invention. 

Rg. 13 is a circuit diagram of the driving circuit 
which is used for the wavelength stabilized laser of 
Rg. 1. 

Rg. 1 4 is a side view illustrating a wavelength stabi- 5 
lized laser according to a fifth embodiment of the 
present invention. 

Rg. 15 is a side view illustrating a wavelength stabi- 
lized laser according to a sixth embodiment of the 
present invention. io 
Rg. 16 is a side view illustrating a wavelength stabi- 
lized laser according to a seventh embodiment of 
the present invention. 

Rg. 1 7 is a side view illustrating a wavelength stabi- 
lized laser according to an eighth embodiment of is 
the present invention. 

Rg. 1 8 is a side view illustrating a wavelength stabi- 
lized laser according to a ninth embodiment of the 
present invention. 

Rg. 19 is a graph showing an IL characteristic of 20 
the wavelength stabilized laser in Rg. 13. 
Rg. 20 is a graph showing an example of an IL 
characteristic of a conventional wavelength stabi- 
lized laser. 

Rg. 21 A is a plan view of an LD-SHG unit of a light 25 
wavelength converting module according to a tenth 
embodiment of the present invention. 
Rg. 21 B is a cross-sectional view of the LD-SHG 
unit of Rg. 21 A taken along the optical axis thereof. 
Rg. 22 is a plan view of the LD-SHG unit after being 30 
fixed onto the substrate. 

Rg. 23 is a plan view of the LD-SHG unit after being 

hermetically sealed in a package. 

Fig. 24 is a plan view illustrating a manufacturing 

process of the light wavelength converting module 35 

according to the tenth embodiment of the present 

invention. 

Fig. 25 is a plan view illustrating the manufacturing 
process of the light wavelength converting module 
according to the tenth embodiment of the present 40 
invention. 

Rg. 26 is a plan view of the light wavelength con- 
verting module according to the tenth embodiment 
of the present invention. 

Fig. 27 is a cross-sectional view of the light wave- 45 
length converting module according to the tenth 
embodiment of the present invention. 
Fig. 28 is an explanatory view illustrating a wiring of 
the light wavelength converting module according 
to the tenth embodiment of the present invention. so 
Fig. 29 is a circuit diagram of a driving circuit of the 
light wavelength converting module according to 
the tenth embodiment of the present invention. 
Rg. 30A is a partially enlarged view of a mirror 
which is used for the light wavelength converting 55 
module and which has an AR coated surface. 
Rg. 30B is a partially enlarged view of a mirror 
which Is used for the light wavelength converting 



module and whk:h has an HR coated surface. 
Rg. 31 is a plan view of a light wavelength convert- 
ing module according to en eleventh embodiment of 
the present invention. 

Rg. 32 is a plan view illustrating a manufacturing 
process of the light wavelength converting module 
according to the eleventh embodiment of the 
present invention. 

Rg. 33 is a plan view illustrating the manufacturing 
process of the light wavelength converting module 
according to the eleventh embodiment of the 
present invention. 

Rg. 34 is a plan view according to a twelfth embod- 
iment of the present invention. 
Rgs. 35A and 35B are plan views illustrating variant 
examples of the light wavelength converting mod- 
ule according to the tenth embodiment of the 
present invention. 

Rg. 36 is a schematic view illustrating a structure of 
a conventional excitation solid-state laser. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0069] With reference to the drawings, a description 
of embodiments of the present Invention will be given 
hereinafter. 

(First Embodiment) 

[0070] Fig. 1 shows a light wavelength converting 
module according to a first embodiment of the present 
invention. As shown in this figure, this light wavelength 
converting module comprises a semiconductor laser 1 0, 
a collimator lens 12 which makes parallel a laser beam 
1 1 R (i.e., a backward emitting light) which Is emitted in 
a state of a divergent light from this semiconductor laser 
10, a condenser lens 13 which converges the laser 
beam 11R which has been made parallel, a narrow 
band-pass filter 14, as a wavelength selecting .element, 
which Is disposed between the collimator lens 12 and 
the condenser lens 13, and a mirror 20 which is dis- 
posed at a position at which the laser beam 1 1 R Is con- 
verged by the condenser lens 13. 
[0071] A forward end surface of the semiconductor 
laser 10 (a left end surface thereof in Fig. 1) Is con- 
nected directly to an end surface of a waveguide-type 
light wavelength converting element 15. The semicon- 
ductor laser 1 0 is driven by a semiconductor laser driv- 
ing circuit 40 which will be described later. Further, LR 
(low reflectance) coatings 32 are applied to both end 
surfaces (both wall opening surfaces) of the semk;on- 
ductor laser 1 0, with respect to light having oscillating 
wavelengths thereof. 

[0072] A light wavelength converting element 15 is 
formed by a substrate 1 6, a periodic domain inversion 
structure, and a channel optical waveguide 1 8. The sub- 
strate 1 6 Is formed by a crystal of a mixture of MgO and 
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LiNbOs which is a ferroelectric having a nonlinear opti- 
cal effect and to which the MgO, for example, in an 
amount of 5 mol % Is doped (which is refen-ed to as 
MgO-LN hereinafter). The periodic domain inversion 
structure is structured by periodically forming on the 
substrate 16, domain inverting portions 17 in which ori- 
entations of spontaneous electrodes which are made 
parallel to Z axis of the substrate 1 6 are Inverted. The 
channel optical waveguide 1 8 is formed so as to extend 
along the periodic domain inversion structure. 
[0073] With reference to Figs. 2 to 4, a manufactur- 
ing process of this light wavelength converting element 
15 will be explained hereinafter. In these figures, as 
shown in Fig. 3, an MgO-LN substrate 16 is formed 
such that an ingot 16' of MgO-LN is cut in a direction 
that forms an angle 5=3 degrees with respect to a direc- 
tion of Z axis, and then cut. The MgO-LN substrate 1 6 is 
single-polarized and has a thickness of 0.3 mm, for 
example. Further, the accuracy of the cut angle 5=3 is 

[0074] A direction which is parallel to surfaces 1 6a 
and 16b of the MgO-LN substrate 16 thus formed and 
which is orthogonal to X axis thereof, and a direction 
which is perpendicular to the surfaces 16a and 16b 
thereof are directions each of which forms the angle S=3 
with respect to the direction of the Z axis and a direction 
of Y axis, respectively. Therefore, these directions are 
referred to as Z' direction and Y' direction for conven- 
ience (and so forth). 

[0075] As shown in Fig. 2, comb-shaped electrodes 
5 and a fiat-plate electrode 6 are mounted to the surface 
16a of the MgO-LN substrate 16, and the potentials of 
the comb-shaped electrodes 5 at the side of +Z are pos- 
itive while the potential of the flat-plate electrode 6 at the 
side of -z side is negative. 

[0076] .When a pulse voltage is applied to a portion 
between these electrodes 5 and 6, as schematically 
shown in Fig. 4, directions of spontaneous polarizations 
of the substrate 16 which have been oriented in the 
direction of +Z are inverted at the portion at which the 
voltage has been applied thereto so that the domain 
inverting portions 1 7 are formed. Further, the spontane- 
ous polarizations of the substrate 1 6 incline at the angle 
5=3 with respect to the surface 1 6a of the substrate 1 6. 
Accordingly, the spontaneous polarizations of the 
domain inverting portions 1 7 incline with respect to the 
surface 1 6a of the substrate 1 6 in the same manner as 
the substrate 1 6 with respect thereto. 
[0077] In the present embodiment, the comb- 
shaped electrode 5 and the flat-plate electrode 6 are 
made from Or. However, any material whose electric 
conductivity is sufficiently tower than that of the MgO-LN 
substrate 1 6 can be used for an electrode material. The 
comb-shaped electrode 5 and the flat-plate electrode 6 
can be formed by a well-known photolithography, and 
each of them has a thickness of 20 to 1 00 nm, for exam- 
ple, a length L^ of 8 mm, for example, and a gap G 
between both of the electrodes 5 and 6 is 100 to 500 



\m\, for example. Further, a cycle A of the comb-shaped 
electrode 5 is 4.75 jim. The length and width of an elec- 
trode finger are 200 ^im and 0.5 ^m, respectively. The 
width of the flat-plate electrode 6, i,e., the size thereof in 

5 the direction of Z' is 1 00 

[0078] The aforementioned voltage was applied in a 
vacuum in order to prevent leakage of a current. The 
degree of the vacuum during the application of the volt- 
age is 5x10'"' Torr or less. Instead of being applied in a 

10 vacuum as described above, the voltage can be applied 
in an insulated oil. Moreover, a pulse width of the volt- 
age applied may be 1 to 1 0 sec. 
[0079] Each of the domain inverting portions 17 
extends more largely in a direction perpendicularly to 

15 the Z axis as the voltage applied increases. As is gener- 
ally known, in a case in which a wavelength conversion 
is carried out by making use of the periodic domain 
inversion structure, a wavelength conversion efficiency 
becomes the maximum when the ratio of a length of the 

20 domain inverting portion 17 and a length of the non- 
inverting portion in a direction of a wave-guiding is 1:1. 
This ratio could be 1:1, for example, when the voltage 
applied is about 1500 V in a case in which the gap G is 
200 fxm or when the voltage applied is about 3000 V in 

25 a case in which the gap G Is 400 |xm. Values of these 
optimum voltages are obtained provided that the sub- 
strate is set to a room temperature. Namely, when the 
substrate is at the temperature of 200°C, for example, 
the optimum voltage in each of the above- described 

30 cases is about 1/3. 

[0080] Next, the channel optical waveguide 18 was 
formed on the MgO-LN substrate 1 6 as follows. Rrst, by 
using a well-known photolithography, a metal (Ta in the 
present embodiment) mask of which width in the direc- 

35 tion of Z' IS about 3 to 1 2 |im was formed In the vicinity 
of a tip end of the comb-shaped electrodes 5 whose 
domain inversion is the maximum. Thereafter, a proton 
exchanging process was performed with respect to the 
MgO-LN substrate 16, in pyrophosphoric acid, for 30 to 

40 90 minutes, at the temperature of 120 to 200°C. After a 
Ta mask was removed by using an etching solution, the 
MgO-LN substrate 16 was annealed in the atmosphere, 
for 30 to 120 minutes, at the temperature of 300 to 
410®C. In this way, as shown in Fig. 1 , the channel opti- 

45 cal waveguide 18 which extends along the direction in 
which the domain inverting portions 1 7 line up is 
fornned. 

[0081] A condition of the proton exchanging proc- 
ess and the annealing process can be selected from 

50 each of the aforementioned ranges so as to optimize a 
beam diameter and a propagation loss of a wave- 
guided light. Further, the mask width can be selected 
within a range of a target wavelength (a fundamental 
wave ranges from 900 to 1 1 00 nm) so as to be a single 

55 mode condition. 

[0082] Thereafter, the element end suriBces that 
include both end surfaces 18a and 18b of the channel 
optical waveguide 18 are optically cut An AR coating 
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(non-reflective coating) 30 is applied to the element end 
surface including the end surface 18a, with respect to 
the laser beann 1 1 as a fundamental wave. An AR coat- 
ing 31 is applied to the element end surface including 
the end surface 1 8b, with respect to a second harmonic 
19 which will be described later and the laser beam 11. 
Accordingly, preparation of the light wavelength convert- 
ing element 15 which is shown in Fig. 1 is completed. 
Further, the second harmonic 1 9 is removed from the 
end surface 18b of the optical waveguide 18. The ele- 
ment surface 15a which includes the end surface 1 8b is 
cut in a surface substantially parallel to the surface 1 6a 
(see Rgs. 2 and 4) of the substrate 1 6 such that the ele- 
ment surface 15a inclines at an angle of 6 (6^3) with 
respect to a surface which is orthogonal to the direction 
in which the optical waveguide 18 extends. 
[0083] An operation of the light wavelength convert- 
ing module according to the first embodiment of the 
present invention will be explained hereinafter. 
[0084] The laser beam 11 whose central wave- 
length is 950 nm and which emits forwardly from the 
semiconductor laser 10 (to the leftward of Fig. 1) enters 
the channel optical waveguide 18. The laser beam 1 1 is 
wave-guided through the channel optical waveguide 18 
in a TE mode so that the wavelength of the laser beam 
1 1 is reduced to 1/2, namely, it is converted to the sec- 
ond harmonic 19 of 475 nm. At that time, a phase 
matching (so-called pseudo phase matching) is made in 
a periodic domain inversion region. This second har- 
monic 19 also propagates the channel optical 
waveguide 18 in a wave-guiding mode to thereby emit 
from the optical waveguide end surface 1 8b. 
[0085] The laser beam 1 1 whose wavelength has 
not been converted also emits from the optical 
waveguide end surface 1 8b in the state of the divergent 
light. The second harmonic 1 9 branches from the laser 
beam 1 1 by uniilustrated band-pass filters, dichroic mir- 
ror, or the like, and then provided for a predetermined 
use. 

[0086] Next, driving of the semiconductor laser 1 0 
will be explained. 

[0087] In the present embodiment, the backward 

emitting light 1 1 R which emits from the semiconductor 
laser 1 0 reflects at the mirror 20 and is then fed back to 
the semiconductor laser 10. Namely, in this device, an 
external resonator of the semiconductor laser 10 is 
structured by the forward end surface (the end surface 
in a left-hand direction of Fig. 1) and the mirror 20. The 
length L of the external resonator is 1 50 mm. 
[0088] A narrow band-pass filter 1 4 disposed inside 
the external resonator is used to select a wavelength of 
the laser beam 1 1 transmitting therethrough. The semi- 
conductor laser 10 oscillates due to a wavelength 
selected. The selected wavelength varies in accordance 
with a position at which the narrow band-pass filter 14 
rotates (position at which the filter 14 rotates in a direc- 
tion of an-ow A in Fig. 1). Accordingly, due to an appro- 
priate rotation of the narrow band-pass fitter 14, 



oscillating wavelengths of the semiconductor laser 10 
can be selected so as to correspond to cycles of the 
domain inverting portions 17 and to make a pseudo 
phase matching of the second harmonic 1 9. 

5 [0089] As previously explained, even when the AR 
coating 31 is applied to the optical waveguide end sur- 
face 1 8b, reflection of the laser beam 11 as a funda- 
mental wave cannot be entirely prevented. However, in 
the present embodiment, since the element end surface 

10 15a including the optical waveguide end surface 18b is 
cut such that the element surface 15a inclines at an 
angle of 6 (6^3) with respect to the plane orthogonal to 
the direction in which the channel optical waveguide 1 8 
extends, the laser beam 1 1S which is reflected from the 

75 end surface 18b forms an angle with respect to the 
direction in which the channel optical waveguide 18 
extends, and reflects outwardly. Therefore, the reflected 
laser beam 11S cannot re-enter the channel optical 
waveguide 18. Accordingly, the reflected laser ^eam 

20 1 1S is prevented from becoming a fed-back light which 
enters the semiconductor laser 10 as a light source of a 
fundamental wave. 

[0090] The above-described effects will be 
explained in more detail hereinafter. 

25 [0091] The laser beam 11 which is obtained with 
respect to the wavelength of 950 nm had a typical beam 
diameter whose width is about 6 |im and whose depth is 
about 3 \im. Then, a spreading angle ^ of the laser 
beam 1 1 in a far-field is 1 1 .5 degrees in a transverse 

30 direction and 22.8 degrees in a depth direction (a full 
width of l/e^). 

[0092] The amount of a fed-back light with respect 
to an inclined cut angle G can be estimated with respect 
to the spreading angle ^ by an overlapping integral 

35 which is shown by the shadowed portion in Rg. 5. When 
the overlapping integral is r| and the reflectance by the 
AR coating 31 is R, the amount of a fed-back light whk:h 
is actually fed back to the semiconductor laser 10 is 
Rxr|. Accordingly, an effect which can be obtained by 

40 inclining the optical waveguide 18b appears r| times. 
The relationship between the overlapping integral t], 
i.e., the amount of the fed-back light and the inclined cut 
angle 6 will be such a relationship as shown in Fig. 6. 
When the AR coating 31 is formed by a SiOg single 

45 coating layer or the like, ordinarily, the reflectance R is 
about 0.1 % (when the amount of incident light is 0 dB, 
the amount of reflected light is -30dB). Further, other 
than the Si02, as a coating material which causes the 
reflectance R to have about 0.1%, CaF2 and BaF2 can 

50 be used. 

[0093] The relationship between the amount of the 
fed-back light and the inclined cut angle 6 is shown in 
Fig. 6 both in a case in which the element end surface 
15a including the end surface of the optical waveguide 
55 1 8b is cut in a transverse direction (by inclining the ele- 
ment end surface 15a within a surface parallel to the 
surface 1 6a of the substrate 1 6, with respect to a plane 
orthogonal to a direction in which the optical waveguide 
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1 8 extends) as in the present invention and in a case in 
which it is cut in a vertical direction thereof (by inclining 
the element end surface 15a, with respect to a surface 
which is orthogonal to a direction in which the optical 
waveguide 18 extends, within the surface which 5 
includes the direction in which the optical waveguide 1 8 
extends and which Is perpendicular to the surface 1 6a 
of the substrate 1 6). 

[0094] In accordance with various experiments con- 
ducted by the inventors of the present invention, when 10 
the amount of the fed-bacl< light is equal to or less than 
-40 to -60 dB, as shown in Fig. 7, it is found that the sec- 
ond harmonic 19 can obtain smooth IL characteristic by 
not being affected by the fed-back light. Accordingly, 
when the AT coating was applied, as shown in Fig. 6, 15 
the element end surface 15a needs to be cut by being 
inclined within the surface parallel to the substrate sur- 
face and to have the inclined cut angle 6 of 3 degrees or 
more. 

[0095] When this inclined cut angle 6 is large, a 20 
direction in which the second harmonic 1 9 emits curves 
largely, thus making it difficult to adjust the second har- 
monic 19 during modulation. By taking this into consid- 
eration, it can be said that the smaller the inclined cut 
angle 6 the better. 25 
[0096] By taking the influence due to the fed-back 
light into consideration, even when the AR coating 31 is 
not applied, no problem is caused provided that the 
amount of the fed-back light is - 60 dB or less. Accord- 
ingly, due to the characteristics which are shown in Fig. 30 
6, desirably, the Inclined cut angle 0 is 7 degrees or 
more. When the inclined cut angle 6 Is 3 degrees^G 
<7degrees, the reflectance R of the AR coating 31 with 
respect to the laser beam 11 (i.e., the fundamental 
wave) is 0.1%. 35 
[0097] Further, when the element end surface 15a 
including the optical waveguide end surface 18b is cut 
by being inclined with respect to a surface which is 
orthogonal to a direction in which the optical waveguide 
18 extends and within the surface which includes the 40 
direction in which the optical waveguide 1 8 extends and 
which is perpendicular to the surface 16a, the laser 
beam 11 in the perpendicular direction extends largely, 
it is not preferable because a problem is arisen that a 
larger inclined cut angle 0 is needed as compared to the 45 
above-described embodiment. 

(Second Embodiment) 

[0098] Next, with reference to Fig. 1 0, a light wave- so 
length converting module according to a second 
embodiment of the present invention will be explained. 
Further, in Rg. 1 0, components identical to those of Fig. 
1 are denoted by the same reference numerals, and a 
description thereof will be omitted (the same may be ss 
said of a third embodiment). 

[0099] In the second embodiment of the present 
invention, the AR coating 31 is applied to the element 
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end surface 15a including the optical waveguide end 
surface 1 8a of the light wavelength converting element 
1 5 such that the AR coating 31 is applied to an extemal 
end surface 140a of an MgO-LN crystal block 140 which 
is made from the same material as the substrate 16 and 
which has the same refractive index as the effective 
refractive index of the channel optical waveguide 18, 
namely, the end surface at the opposite side of the opti- 
cal waveguide 1 8. 

[0100] In the above-described structure, the laser 
beam 11 (the fundamental wave) which enters, in a 
state of the divergent light, from the optfcal waveguide 
end surface 1 8a does not reflect at the interface of this 
end surface 18b and the l\/lgO-LN crystal block 140, 
reaches the external end surface 140a of the MgO-LN 
crystal block 140, and reflects therefrom. Since the 
reflected laser beam IIS advances so as to branch 
from the optical waveguide 18 as it approaches the 
channel optical waveguide 18 side (the right side of the 
figure), the reflected laser bearn 1 1S is prevented from 
becoming a fed-back light which enters the semicon- 
ductor laser 1 0. 

[0101] From the above-description, it is obviously 
understood that when the laser beam 11 enters the 
external end surface 140a of the MgO-LN crystal block 
1 40 so as to incline at least in a slight angle with respect 
to the external end surface 140a, the reflected laser 
beam 1 1 S is prevented from becoming a fed-back light 
entering the semiconductor laser 1 0. Since a spreading 
angle of the laser beam 1 1 which emits from the optfcal 
wavelength end surface 18b is generally 10 to 20 
degrees, in the same manner as the first embodiment of 
the present invention, as shown in Fig. 7, also in this 
case, smooth IL characteristic of the second harmonic 
1 9 can be obtained. 

(Third Embodiment) 

[0102] With reference to Rg. 1 1 , a light wavelength 
converting module according to a third embodiment of 
the present invention will be explained. 
[01 03] In the third embodiment of the present inven- 
tion, a phase modulation portion 50 is formed between 
a wavelength converting portion (a portion on which the 
domain inverting portions 17 are formed) and the end 
surface 18b of the channel optical waveguide 18 of the 
light wavelength converting element 15 so that a phase 
of the laser beam 1 1 whteh waves-guides the optical 
waveguide 1 8 is modulated. This phase modulation por- 
tion 50 is formed by a pair of electrodes 51 and 52 which 
are disposed at both sides of the channel optical 
waveguide 18, and an alternating power source 53 
which applies an alternating voltage between the pair of 
the electrodes 51 and 52. 

[0104] A condition of a proton exchanging process 
and an annealing process for fonning this channel opti- 
cal waveguide 1 8 is basically the same as that in the 
first embodiment of the present invention and can be 
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selected to optimize a beam diameter and a propaga- 
tion loss of a wave-guided light. After the channel optical 
wave guide 18 and the domain inverting portions 17 
have been formed, the electrodes 51 and 52 are formed 
by ordinary photolithography and metal deposition. 
[0105] (n the third embodiment of the present inven- 
tion, the light wavelength converting element 1 5 is struc- 
tured in the same manner as those of the first and 
second embodiments of the present invention except 
that since the laser beam 1 1 S (the fed-back light) which 
has been reflected from the optical waveguide end sur- 
face 18b can enter the channel optical waveguide 18, 
the fed-back light 1 1 S and the laser beam 1 1 forwarding 
to the optical waveguide end surface 18b interfere to 
each other. However, in this case, when the alternating 
voltage is applied between the electrode 51 and the 
electrode 52, a difference of an optical path between the 
fed-back light IIS onto the optical waveguide end sur- 
face 1 8a, and the laser beam 1 1 fonwarded to the optical 
waveguide end surface 18b side changes rapidly. 
Therefore, even when a wavelengh changes, it is possi- 
ble to change the amount of the fed-back light in a fre- 
quency domain which is higher than a frequency 
domain for an actual use. As a result, the semiconduc- 
tor laser 1 0 can move stably. 

[0106] Accordingly, also in this case, in the same 
manner as the first embodiment of the present inven- 
tion, as shown in Fig. 7, smooth IL characteristic of the 
second harmonic 1 9 can be obtained. 
[0107] As disclosed in Japanese Patent Application 
Laid-open (JP-A) No. 1 1 -1 41 31 1 whk:h was filed by the 
present applicants, there has been a known technique 
in which high frequency current is superposed on a driv- 
ing current of the semiconductor laser to thereby sup- 
press variation of the amount of light of the converted 
wavelength wave due to a vertical mode competition of 
the semiconductor laser. Also in the light wavelength 
converting module of the present invention, since high 
frequency current is superposed on the driving current 
to drive the semiconductor laser, smoother IL character- 
istic can be obtained with respect to the converted 
wavelength wave. 

[0108] As disclosed in JP-A No. 10-161165, there 
has been known a waveguide light modulating element 
which is manufactured by forming an optical waveguide 
having a wave conversion portion on a substrate that 
can provide electro-optical and nonlinear optical effedts 
and an electro-optical light modulator which modulates 
a wave-guided light that Is wave-guided through the 
optical waveguide 1 8. However, as described above, the 
electro-optical light modulator is provided, and the light 
wavelength converting element of the present invention 
can be structured, thus modulating the wavelength con- 
verting wave. 

(Fourth Embodiment) 

[0109] With respect to a drawing, a fourth embodi- 



ment of the present invention will be explained hereinaf- 
ter. 

[0110] Fig. 12 shows a light wavelength converting 
module having a wavelength stabilized laser according 

5 to a fourth embodiment of the present invention. Fig. 1 3 
shows a semiconductor laser driving circuit 
[0111] As shown in Fig. 12, this light wavelength 
converting module comprises the semiconductor laser 
10, the collimator lens 12 which makes parallel the laser 

10 beam 1 1 R (i.e., backward emitting light) which emits in 
the state of the divergent light from this semiconductor 
laser 10, the condenser lens 13 which converges the 
laser beam 1 1 R whrche is made parallel, the narrow 
band-pass filter 14 as a wavelength selecting element 

15 which is disposed between the collimator lens 12 and 
the condenser lens 13, and the mirror 20 which is dis- 
posed at a position where the laser beam 1 1 R is con- 
verged by the condenser lens 1 3. 
[01 12] The forward end surface of the semiconduc- 

20 tor laser 10 (the left end surface thereof in Fig. 12) is 
connected directly to the end surface of the waveguide- 
type light wavelength converting element 15. The semi- 
conductor laser 1 0 is driven by the semiconductor laser 
driving circuit 40 which will be described later. 

25 [0113] The light wavelength converting element 15 
is formed by the substrate 1 6, the periodic domain inver- 
sion structure, and the channel optical waveguide 18. 
The substrate 1 6 is formed by the crystal of the mixture 
of MgO and LiNbOs which is the ferroelectric having the 

30 nonlinear optical effect and to which the MgO, for exam- 
ple, in an amount of 5 mol % is doped (which is referred 
to as MgO-LN hereinafter). The periodic domain inver- 
sion structure is structured by periodically forming on 
the substrate 16, the domain inverting portions 17 in 

35 which orientations of the spontaneous electrodes which 
are parallel to the Z axis of the substrate 16 are 
inverted. The channel optical waveguide 1 8 is formed to 
extend along the periodic domain Inversion structure. 
[0114] The periodic domain inversion structure is 

40 formed such that the domain inverting portions 1 7 line 
up in the direction of the X axis of the substrate 16. By 
taking a wavelength dispersion of the refractive index of 
MgO-LN into consideration, each of the domain invert- 
ing portions 1 7 has a cycle A of 4.75 jxm so as to be a 

45 primary cycle with respect to the wavelength in the 
vicinity of about 950 nm. Such a periodic domain inver- 
sion structure as described above can be fomned by a 
method which is disclosed in JP-A No. 6-242478. 
[0115] The channel optical waveguide 18 can be 

50 formed by such a method as below described. After the 
periodic domain inverting portions 17 have been formed 
on the channel optical waveguide 1 8, metal mask pat- 
terns are formed on the surface of +Z of the substrate 
16 by a known photolithography and lifting-off. This sub- 

55 strate 16 is immersed in pyrophosphoric acid, the pro- 
ton exchanging process of the substrate 16 is 
performed, and after the pyrophosphoric acid has been 
removed, the annealing process thereof is then per- 
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formed. Thereafter, both of the end surfaces 18a and 
18b of the channel optical waveguide 18 are subjected 
to an edge-cut. When the AR non-reflective coating 30 
is applied to the element end surface including the end 
surface 1 8a, with respect to the laser beam 1 1 as the 
fundamental wave, and the AR coating 31 is applied to 
the element end surface including the end surface 18b, 
with respect to the second hamnonic 1 9, the light wave- 
length converting element 15 Is thereby prepared. Fur- 
ther, LR (low reflectance) coatings 32 are applied to 
both end surfaces (both wall opening surfaces) of the 
semiconductor laser 10, with respect to light having 
oscillating wavelengths thereof. 

[01 1 6] An operation of the light wavelength convert- 
ing module will be explained hereinafter. 
[0117] The laser beam 11 whose central wave- 
length is 950 nm and which emits forwardly from the 
semiconductor laser 1 0 (to the leftward of Fig. 1 ) enters 
the channel optical waveguide 1 8. This laser beam 1 1 is 
wave-guided through the channel optical waveguide 18 
in the TE mode so that the wavelength of the laser beam 
1 1 is reduced to 1/2, namely, it Is converted to the sec- 
ond harmonic 19 of 475 nm. At that time, a phase 
matching (so-called pseudo phase matching) is made in 
a periodic domain inversion region, and this second har- 
monic 19 also propagates the channel optical 
waveguide 18 in a wave-guiding mode, and then emits 
from the optical waveguide end surface 1 8b. 
[0118] The laser beam 11 whose wavelength has 
not been converted also emits from the optical 
waveguide end surface 1 8b in the state of the divergent 
light. The second harmonic 19 is branched from the 
laser beam 1 1 by unillustrated band-pass filters, dich- 
roic mirror, or the like, and then provided for a predeter- 
mined use. 

[0119] The driving of the semiconductor laser 10 
will be explained, hereinafter. 

[0120] In the present embodiment, the backward 
emitting light 1 1 R which emits from the semiconductor 
laser 1 0 reflects from the mirror 20 and fed back to the 
semiconductor laser 10. Namely, in this device, the 
external resonator of the semiconductor laser 10 is 
structured by the fonward end surface (the end surface 
in the left-hand direction of Fig. 1 2) of the semiconduc- 
tor laser 1 0 and the aforementioned mirror 20. The letter 
L of the figure refers to the length of the external reso- 
nator. Further, the optical length between the end sur- 
face from which the backward emitting light 1 1 R of the 
semiconductor laser 10 emits and the mirror 20 is 150 
mm. 

[0121] The nan-ow band-pass filter 14 which is dis- 
posed inside the external resonator is used to select a 
wavelength of the laser beam 1 1 transmitting through 
the filter 14. Since the semiconductor laser 10 is oscil- 
lated by the selected wavelength, and the selected 
wavelength varies in accordance with a position at 
which the namow band-pass filter 1 4 rotates (position at 
which the filter 14 rotates in a direction of an-ow A in Fig. 
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12), due to an appropriate rotation of the nan-ow band- 
pass filter 14, it is thereby possible to stably select the 
oscillating wavelengths of the semiconductor laser 10 
which correspond to the cycles of the domain inverting 
5 portions 17 and which make a pseudo phase matching 
of the second harmonic 1 9. 

[0122] When a plurality of FP modes between both 
wall opening surfaces of the semiconductor laser 10 

within the transmission width of the narrow band-pass 
10 filter 1 4, a vertical mode competition may occur. In order 
to suppress the occurrence of this vertical mode com- 
petition, the semiconductor laser driving circuit 40 is 
structured as shown in Rg. 2. Namely, in this driving cir- 
cuit 40, high frequency current which is transmitted from 
15 an AC power source 43 through the capacitor 44 is 
superposed on a DC power source component which is 
transmitted from a DC power source 41 through a coil 
42. Then, the current on which high frequency current 
has been superposed is applied to the semteonductor 
20 laser 10. 

[0123] In this way, since high frequency current is 
superposed on a driving current which is applied to the 
semiconductor laser 10, the driving current is modu- 
lated to thereby drive the semiconductor laser 10. 
25 Accordingly, the driving current does not stay in a region 
where the vertical mode competition may occur, thus 
suppressing the occurrence of the vertical mode com- 
petition. 

[0124] In the present embodiment, a coherent 
30 length of the semiconductor laser 10 is about 100 mm. 
As described above, the optical length between the end 
surface from which the backward emitting light 1 1 R of 
the semiconductor laser 1 0 emits and the mirror 20 is 
150 mm which is larger than the aforementioned coher- 
es ent length. Accordingly, this semiconductor laser 10 as 
a wavelength stabilized laser is excellent in linearity of 
IL (current to light output) characteristics. 

(Fifth Embodiment) 

40 

[0125] With reference to Fig. 14, a fifth embodiment 
of the present invention will be explained hereinafter. 
Further, in Fig. 14, components identical to those of Fig. 
12 are denoted by the same reference numerals, and a 
45 description thereof will be omitted (the same may be 
said from sixth to ninth embodiments of the present 
invention). 

[0126] Fig. 14 shows a wavelength stabilized laser 
according to a fifth embodiment of the present inven- 

50 tion. As shown in this figure, this wavelength stabilized 
laser comprises the semiconductor laser 1 0, the colli- 
mator lens 12 which makes parallel the laser beam 1 1 R 
which is emitted in the state of the divergent light from 
this semiconductor laser 10, the condenser lens 13 

55 which converges the laser beam 1 1 R which has been 
made parallel, the mirror 20 which is disposed at the 
position where the laser beam 1 1 has been converged 
by the condenser lens 13, the narrow band-pass filter 
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14 which is disposed between the collimator lens 12 
and the condenser iens 13, and a beann splitter 150 
which Is disposed between the band-pass filter 14 and 
the collimator lens 12. 

[0127] The transmission band (half width) is 1 .0 nm, 
and the wavelength of the laser beam 1 1 whose central 
wavelength is 950 nm is selected by this band-pass filter 
14. The laser beam 11 having the wavelength thus 
selected reflects from the mirror 20 and returns to the 
semiconductor laser 10, that is to say, a light feed-back 
is performed, thus stabilizing an oscillating wavelength 
of the semiconductor laser 1 0. 

[0128] A portion of the laser beam 1 1 having the 
wavelength thus stabilized is split from an optical path 
between the semiconductor laser 10 and the mirror 20 
by using the beam splitter 150, and the split portion is 
provided for a predetermined use. 
[0129] In this wavelength stabilized laser, a coher- 
ent length of the semiconductor laser 1 0 is about 1 00 
mm. The optical length between the end surface from 
which the semiconductor laser 10 emits and the mirror 
20 is 150 mm which is larger than the aforementioned 
coherent length. Accordingly, this wavelength stabilized 
laser has IL characteristic as shown in Fig 1 9. 
[0130] Conversely, the IL characteristic of this 
wavelength stabilized laser which is structured in the 
same manner as in Fig. 1 4 except that the optical length 
between the end surface from which the semiconductor 
laser 10 emits and the mirror 20 is 18 mm which is 
smaller than the aforementioned coherent length is as 
shown in Fig. 20. As can be seen from these Figs. 1 9 
and 20, as compared when the optical length is made to 
be smaller than this coherent length, when the optical 
length between the semiconductor laser 1 0 and the mir- 
ror 20 is made to be larger than the coherent length, the 
IL characteristic have a particularly excellent linearity. 
[0131] Even when the optical length between the 
semiconductor laser 10 and the mirror 20 is made to be 
slightly larger than the aforementioned coherent length, 
the same effect can be obtained as that when the opti- 
cal length is 1 50 mm. 

(Sixth Embodiment) 

[0132] With reference to Fig. 15, a sixth embodi- 
ment of the present invention will be explained hereinaf- 
ter. 

[0133] A wavelength stabilized laser of the sixth 
embodiment of the present invention is structured in the 
same manner as that of the fifth embodiment of the 
present invention in Fig. 14 except that the laser beam 
1 1 R as a backward emitting light which emits from the 
semiconductor laser 1 0 is made parallel by the collima- 
tor lens 151 and provided for a predetermined use. 
[0134] With such a structure, the wavelength stabi- 
lizing effect which is the same as that of the fifth embod- 
iment of Rg. 14 can be obtained by using the band-pass 
filter 14. Also in this case, the optical length between the 



semiconductor laser 10 emitting end surface and the 
mirror 20 is 150 mm which is larger than 100 mm which 
is the coherent length of the semiconductor laser 10, 
thus improving the linearity of IL characteristic. 

(Seventh Embodiment) 

[0135] With reference to Rg. 16, a seventh embod- 
iment of the present invention will be explained herein- 
after. 

[0136] A wavelength stabilized laser of the seventh 
embodiment of the present Invention is structured in the 
same manner as that of the sixth embodiment of the 
present invention in Fig. 15 except that mirrors 152 and 
1 53 are Interposed between the semiconductor laser 1 0 
and the mirror 20 along the optical path of the laser 
beam 1 1 to thereby reflect the optical path of the laser 
beam 1 1 . 

[0137] By doing this, even when the optical length 
between the semiconductor laser 1 0 and the mirror 20 
is made to be larger than the coherent length of the 
semiconductor laser 10, the optical path between the 
semiconductor laser 1 0 and the mirror 20 can be made 
compact so that the wavelength stabilized laser can be 
made compact. 

(Eighth Embodiment) 

[0138] Next, with reference to Fig. 17, an eighth 
embodiment of the present invention will be explained. 
[0139] A wavelength stabilized laser of the eighth 
embodiment of the present invention is structured in the 
same manner as that of the seventh embodiment of the 
present invention of Fig. 16 except that instead of the 
mirrors 152 and 153, prisms 54 and 55 are used as a 
means of returning the optical path of the laser beam 1 1 
between the semiconductor laser 10 and the mirror 20. 
Also, with this structure, the optical path between the 
semiconductor laser 1 0 and the mirror 20 can be made 
compact so that the wavelength stabilized laser can be 
made compact. 

[0140] Further, the above-described mirrors and 
prisms can be used to change an optical path as many 
times as possible. During the change of the optical path, 
it Is possible to use a layout which is appropriate to min- 
imize the optical path between the semiconductor laser 
1 0 and the mirror 20. Moreover, when a prism/prisms 
are used to change the optica! path, no problem arises 
whether to reflect or refract the optical path. 
[0141] Moreover, instead of using the above- 
described mirrors and prisms, the optical path can be 
changed by inserting an optical material through which 
the laser beam 1 1 transmits and which has a reflective 
index of more than 1 . into the optical path of the laser 
beam 1 1 between the semiconductor laser 1 0 and the 
mirror 20. For instance, when an optical material having 
a reflective index of 1 .5 Is inserted into the entire optical 
path, the optical length can be 1 .5 times as long as that 
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before the insertion of the optical material while the dis- 
tance between the semiconductor laser 1 0 and the mir- 
ror 20 before the optical material is provided 
therebetween. 

[0142] Specifically when such an optical material is 5 
inserted into the optical path, for example, there can be 
adopted a method in which the entire structure of the 
wavelength stabilized laser which is shown in Rg. 14 
can be immersed in an optical material which is formed 
by a gas or a liquid or an optical material which is 
formed by a solid is disposed on an optical path of the 
laser beam 1 1 . 

(Ninth Embodiment) 

[0143] With reference to Fig. 18, a ninth embodi- 
ment of the present invention will be explained hereinaf- 
ter. 

[0144] A wavelength stabilized laser according to 
the ninth embodiment of the present invention is struc- 
tured in the same manner as the sixth embodiment of 
the present invention in Fig. 15 except that the mirror 20 
is replaced by an optical fiber 60. 
[0145] A non-reflection coating is applied to an end 
surface 60a of this optical fiber 60, with respect to the 
laser beam 11. The end surface 60a is used as an inci- 
dent end surface and the laser beam 1 1 which has been 
converged by the condenser lens 13 enters therein. On 
the other hand, a high reflection coating is applied to the 
other end surface 60b of this optical fiber 60, with 
respect to the laser beam 11. The end surface 60b is 
used as a reflection surface, and reflects the laser beam 
1 1 therefrom. 

[0146] With this structure, the laser beam 1 1 which 
emits from the end surface 60a and which enters the 
optical fiber 60, propagates inside the optical fiber 60 in 
a wave-guiding mode, reflects from the end surface 60b, 
propagates by return therein, emits from the end sur- 
face 60a, and returns to the semiconductor laser 10. 
Accordingly, also in this case, the laser beam 1 1 whose 
wavelength is selected by using the band-pass filter 14 
is fed back to the semiconductor laser 10 to thereby sta- 
bilize the oscillating wavelength thereof. 

(Tenth Embodiment) 

[0147] With reference to the drawings, a more 
detailed description of a light wavelength converting 
module according to an embodiment of the present 
invention will be given hereinafter. 
[0148] As shown in Fig. 26, the light wavelength 
converting module according to the present embodi- 
ment includes: a semiconductor laser 210 having a first 
end surface (backward light emitting end surface) and a 
second end surface opposing the first end surface (for- 
ward light emitting end surface); a mirror 212 as a 
reflecting member which together with the forward light 
emitting end surface structures an external resonator; 



and a waveguide-type light wavelength converting ele- 
ment 214 which wavelength-converts a fundamental 
wave which emits from the semiconductor laser 21 0 and 
which outputs a second harmonic. 
[0149] As shown in Rgs. 21 A and 21 B, the semi- 
conductor laser (LD) 210 is held by a mount 216 for a 
semiconductor laser. The light wavelength converting 
element 214 which is structured by a second hamnonte 
generating element (SHG) is held by a mount 218 for a 
light wavelength converting element. The semiconduc- 
tor laser 210 and the light wavelength converting ele- 
ment 214, in a state of being held by these mounts 216 
and 218, are aligned to each other so that the emitting 
portion of the semiconductor laser 210 and the 
waveguide portion (incident portion) of the light wave- 
length converting element 214 correspond to each 
other, thus manufacturing an LD-SHG unit 220. As a 
result, the light wavelength converting element 214 is 
connected directly to the forward light transmitting end 
surface of the semiconductor laser 210. As shown in 
Fig. 22, the LD-SHG unif220 is fixed to a substrate 222. 
[01 50] The semiconductor laser 21 0 is an ordinarily 
semrconductor laser (laser diode) having a single- 
ridged space mode (transverse single mode) of a 
Fabry-Perot (FP) type. Both end surfaces (wall opening 
surfaces) of the semiconductor laser 21 0 are applied by 
LR (low reflectance) coatings 224A and 224B. For 
example, the reflectance of the LR coating 224A with 
respect to the semiconductor laser 21 0 as a fundamen- 
tal wave can be 30 %, while that of the LR coating 224B 
with respect thereto can be 30 %. 
[0151] The light wavelength converting element 21 4 
has a substrate 226 which is formed by a crystal of the 
mixture of MgO and LiNbOs which is a ferroelectric hav- 
ing a nonlinear optical effect and to which the MgO, for 
example, in an amount of 5 mo! % is doped (which is 
referred to as MgO-LN hereinafter). On the substrate 
226, are formed a periodic domain inversion structure of 
domain inverting portions 228 which are formed in a 
predetermined cycle A later described and in which ori- 
entations of spontaneous electrodes which are made 
parallel to Z axis of the substrate 226 are inverted, and 
a channel optical waveguide 230 which extends along 
this periodic domain inversion structure Further, an AR 
coating 232A is applied to the semiconductor laser side 
end surface of the light wavelength converting element 
214, with respect to the fundamental wave thereof, 
while an AR coating 2328 is applied to the light emitting 
side end surface thereof, with respect to the second har- 
monic and the fundamental wave. Moreover, JP-A No. 
10-254001 discloses a manufacturing method of an 
optical waveguide-type of the light wavelength convert- 
ing element 214 having a periodic domain inversion 
structure in more detail. 

[0152] The forward emitting end surface of the light 
wavelength converting element 214 is cut to be inclined 
to thereby form an inclined surface in an angle of G 
(6^3) with respect to the plane orthogonal to a direction 
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in which a channel optical waveguide 230 extends. In 
this way, since the forward emitting end surface includ- 
ing the optical waveguide end surface was cut to be 
inclined, the fundamental wave does not re-enter the 
channel optical waveguide 230 and is prevented from 5 
becoming a fed-badc light entering the semiconductor 
laser 210. 

[0153] As shown in Fig. 23, a collimator lens 236 is 
attached to the LD-SHG unit 220. The laser beam 
(backward emitting light) 234 R which emits, in a state of 
a divergent light, from the backward emitting end sur- 
face of the semiconductor laser 21 0 is made parallel by 
the collimator lens 236. The LD-SHG unit 220 and the 
collimator lens 236 are hermetically sealed in a package 
238 with an inert gas or a dry air such as a dry nitrogen, 
and fixed therein. Further, any of a distribution refractive 
index rod lens such as Selfoc (i.e., product name), non- 
spherical lens, and a spherical lens can be used. 
[0154] On the package 238, are formed a window 
opening 240A through which the backward emitting light 
234R from the semiconductor laser 21 0 transmits and a 
window opening 240B through which a forward emitting 
light 262 from the light wavelength converting element 
214 transmits. Transparent window plates 242A and 
242B are adhered to the window openings 240A and 
240B, respectively, to maintain a hermetic sealing state 
of the package 238. On the package 238, are also 
formed wire taking-out portions 244A and 244B in which 
low melting point glasses or the like are fitted into wire 
taking-out openings in the hermetic sealing state and 
through which two wires 246A and 246B which are con- 
nected to both electrodes of the semiconductor laser 
210 are passed and then pulled out. 
[0155] As shown in Fig. 26, the package 238, and a 
mirror 212, are fixed to a substrate 248 in a state in 
which the LD-SHG unit 220 and the collimator lens 236 
are hemietically sealed. 

[0156] As shown in Fig. 26 and Fig. 30A, an AR 
coating 250 is applied to a surface at a laser beam inci- 
dent side of a mirror 212, while an HR coating 252 is 
applied to a surface opposing the surface at the laser 
beam incident side thereof. Between the window plate 
242A and the mirror 212 of the package 238, a narrow 
band-pass filter 256, as a wavelength selecting ele- 
ment, which is held by a holder 254 so as to be rotata- 
ble, a pair of total reflecting prisms 258A and 258B for 
turning the optical path of the laser beam 234R by about 
1 80**, and a condenser lens 260 which converges the 
laser beam 234R which has been made parallel into the 
surface of the HR coating 252 of the mirror 212 are dis- 
posed in this order, and provided on the substrate 248. 
The reflectance of the HR coating 252 on the mirror 21 2 
with respect to the fundamental wave is preferably 95%. 
[0157] As the mirror 21 2, a mirror which is shown in 
Fig. 30B and in which the HR coating is applied on the 
laser beam incident side surface thereof can be used. In 
a case of this mirror, a laser beam is converged onto the 
surface of the mirror. However, it is generally known that 



the smaller a beam spot diameter, the larger a dust col- 
lecting effect. Since when the minror which is shown in 
Fig. 30A is used to converge the laser beam onto the 
surface of the HR coating 252, the beam spot diameter 
on the mirror surface becomes larger than when the 
mirror which is shown in Rg. 30B is used to converge 
the laser beam onto the mirror surface, dust hardly 
deposits on the mirror surface. Accordingly, in such a 
device as in the present embodiment in which the mirror 
212 is not hermetically sealed, as shown in Fig. 30A, by 
using a mirror in which the AR coating is applied onto 
the laser beam incident side surface of the mirror and 
the HR coating is applied to the surface opposing the 
laser beam incident side surface thereof, deterioration 
of the reflectance of the mirror due to the deposition of 
dust can be prevented. 

[01 58] The semiconductor laser 21 0 and the mirror 
212 are disposed such that a resonator length of an 
external resonator which is fomried by the mirror 212 
and the forward emitting end surface of the semicon- 
ductor laser 210 (i.e., an optical length from the forward 
light emitting end surface of the semiconductor laser 
210 to the HR coating 252 applied surface of the mirror 
212) is larger than a coherent length of the fundamental 
wave which is emitted from the semiconductor laser 
210. The coherent length Lc of the fundamental wave is 
a coherent distance intrinsic to the laser beam, and can 
be calculated in accordance with the following equation 
where a wavelength of the laser beam is A., and a spec- 
tral width thereof is AX. Since the coherent length L of 
the fundamental wave is generally about 100 mm, the 
resonator length of the external resonator can be more 
than 100 mm, for example. 

Lc=A.^/(2jinAX) 

[0159] Further, at the external side of the window 
plate 242B of the package 238, there are disposed and 
fixed onto the substrate 248, the collimator lens 264 
which makes parallel a second harmonic 262 (including 
the fundamental wave 234) which emits from the for- 
ward light emitting end surface of the light wavelength 
converting element 214, an IR (infrared rays) cutting fil- 
ter 266 which removes infrared ray components from 
the second harmonic 262 which has been made paral- 
lel, a half mirror 268, and a photodiode 270. As the col- 
limator lens 264, a non-spherical lens having small 
aberration is preferably used. 

[0160] As shown in Fig. 27, the substrate 248 is 
fixed to a mounting platform 272. Peltier elements 274 
are placed between the substrate 248 and the mounting 
platform 272 to thereby control each of the optical ele- 
ments fixed to the substrate 248 to a predetermined 
temperature. Each optical element fixed to the substrate 
248, and the substrate 248 and the Peltier elements 
274, are covered with a dustproof cover 275 whose 
laser beam emitting portion is clear. 
[0161] A knife edge 276 as a beam shaping shield- 
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ing plate is fixed and disposed in the vicinity of a posi- 
tion on the mounting platfomi 272 at which the second 
hannonic 262 converges. As will be described later, the 
second hanmonic 262 which is emitted after having 
propagated a channel optical waveguide 230 of the light 
wavelength converting element 214 in a primary mode, 
has a side lobe at a lower portion perpendicular to the 
surface of the mounting platform 272 (i.e., in a thickness 
direction of the substrate 248). However, the knife edge 
276 is disposed so as to cut a portion of this side lobe. 
The side lobe is cut by the knife edge 276, thus obtain- 
ing a second harmonic 262G, which can exhibit a Gaus- 
sian beam in which a light intensity distribution within a 
beam cross section is substantially a Gaussian distribu- 
tion. Moreover, in the present embodiment, although the 
knife edge 276 is provided in the vicinity of the second 
hannonic 262 converging position, it can be kept in 
close contact with or can be provided adjacent to the 
forward light emitting end surface of the light wavelength 
converting element 214. 

[0162] As shown in Fig. 28, the semiconductor laser 
21 0 is connected to a driving circuit 278 via the wires 
246A and 246B which are pulled out from the dustproof 
cover 275. A schematic structure of the driving circuit 
278 is shown in Fig, 29. This driving circuit 278 is 
formed by a DC power source circuit 280 having an 
automatic power control circuit (APC), an AC power 
source 284, and a bias T 288 which is formed by a coil 
282 and a capacitor 286. High frequency current which 
is transmitted from the AC power source 284 through 
the capacitor 286 is superposed on a DC power source 
component which is transmitted from the DC power 
source circuit 280 through the coil 282, and the current 
on which the high frequency current has been super- 
posed is applied to the semiconductor laser 210. In 
order to reduce noise output from the second harmonic, 
the frequency of the high frequency current which is 
superposed on the current is preferably 100 to 400 
MHz, and the degree of modulation is preferably 100 %. 
[0163] Two wires 271 A and 271 B are connected to 
both electrodes of the photodiode 270 and are pulled 
out from the dustproof cover 275. The photodiode 270 is 
connected to the DC power source circuit 280 having 
the APC through the wires 271 A and 271 B which are 
pulled out from the dustproof cover 275. The amount of 
cun-ent to be applied to the semiconductor laser 210 is 
controlled by the APC to obtain a predetermined value 
output from the second harmonic 262. Further, the Pel- 
tier element 274 is connected to a temperature control- 
ler 290. Moreover, at the inside of the device which is 
covered with the dustproof cover 275, there is provided 
a thermister (not shown) which is connected to the tem- 
perature controller 290 and which controls the internal 
temperature of the device. The temperature controller 
290 controls the Peltier element 274 on the basis of an 
output from the thermister to maintain the internal tem- 
perature of the device at a range of temperature that 
prevents a moisture condensation of the optical system 



under a working atmosphere (for example, 30°C or 
more when a working atmosphere temperature is 
30^C). 

[0164] A manufacturing method of the light wave- 

5 length converting module will be explained hereinafter. 
[01 65] As shown in Fig. 21 , the semiconductor laser 
210 is fixed to the mount 21 6 for a semk^onductor laser 
by using adhesive or soldering while the light wave- 
length converting element 21 4 is fixed to the mount 21 6 

10 for a semiconductor laser by using adhesive or solder- 
ing. Cu or SUS 304 is used as a material for the mount. 
The semiconductor laser 210 and the light wavelength 
converting element 214, in a state of being held by the 
mounts 216 and 218, are aligned to each other such 

15 that the emitting portion of the semiconductor laser 21 0 
and the waveguide portion (incident portion) of the light 
wavelength converting element 214 con-espond to each 
other thus manufacturing the LD-SHG unit 220. 
[0166] As shown in Fig. 22, the LD-SHG unit 220 is 

20 fixed onto a substrate 222 by using adhesive or YAG 
welding. As shown in Fig. 23, the collimator lens 236, 
which is mounted to the LD-SHG unit 220, is fixed in the 
package 238. Further, when Cu which has a high ther- 
mal conductivity is used for the mount 21 6 for the semi- 

25 conductor laser, the semiconductor laser 210 is not 
heated, and preferably, adhesive is used to fix the sem- 
iconductor laser 21 0 in the package 238. After the two 
wires 246A and 2468 which are connected to both of 
the electrodes of the semiconductor laser 210 have 

30 been pulled out from the wire taking-out portions 244A 
and 2448 provided at the package 238, the inside por- 
tion of the package 238 is filled with an inert gas such as 
a dry nitrogen or a dry air to thereby close the opening 
portion of the package 238 by an electric welding or a 

35 seam welding. 

[0167] As shown in Fig. 24, after this package 238 
has been fixed onto the substrate 248, the mirror 212, 
the narrow band-pass filter 256, the pair of the total 
reflection prisms 258A and 2588, and the condenser 

40 lens 260 are fixed onto the substrate 248. In order to 
obtain a maximum light output from the light wavelength 
converting element 21 4, each of these optical elements 
is disposed while adjusting an oscillating wavelength of 
the semiconductor laser 210. 

45 [0168] As shown in Fig. 27, the substrate 248 hav- 
ing each of the optical elements fixed thereon Is 
mounted to the Peltier element 274, and then fixed to 
the mount platform 272. Each of the optical elements, 
and the substrate 248 and the Peltier element 274 are 

50 covered with the dustproof 275. Further, the knife edge 
276 as the beam shaping shielding plate is fixed and 
disposed in the vicinity of a position on the mounting 
platform 272 at which the second harmonic 262 con- 
verges. 

55 [0169] Lastly, wiring is carried out as shown in Rg. 
28. The semiconductor laser 210 is connected to the 
driving circuit 278. The photodiode 270 is connected to 
the DC power source circuit 280 of the driving circuit 
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278. The Peltier elements 274 and the themnister are 
connected to the temperature controller 290. As a 
result, the light wavelength converting module is com- 
pleted. 

[0170] An operation of this light wavelength con- 
verting module will be explained hereinafter. 
[0171] As shown in Fig. 24, the laser beam 234R 
(backward emitting light) which emits not forwardly but 
backwardly from the semiconductor laser 210 is made 
parallel by the collimator lens 236. After the laser beam 
234R which was made parallel has transmitted through 
the narrow band-pass fitter 256, the optical path thereof 
is returned by about 1 80" by the pair of the total reflect- 
ing prisms 258A and 258B, converged by the condenser 
lens 260, and then focused on the mirror 21 2. The laser 
beam 234R which is reflected from the mirror 21 2 is fed 
back to the semiconductor laser 210 by tracking in the 
opposite direction of the current optical path. Namely, in 
this device, the externa! resonator of the semiconductor 
laser 210 is formed by the mirror 212 and the semicon- 
ductor laser 210. 

[0172] The narrow band-pass fifter 256 which is dis- 
posed inside the external resonator selects a wave- 
length of the laser beam 234R which is supposed to be 
fed back. Since the semiconductor laser 21 0 oscillates 
with this selected wavelength which varies in accord- 
ance with a position at which the narrow band-pass filter 
256 rotates, due to an appropriate rotation of the narrow 
band-pass filter 256, oscillating wavelengths of the sem- 
iconductor laser 210 can be selected and locked so as 
to correspond to cycles of the domain inverting portions 
228 and to make a pseudo phase matching with the 
second harmonic 262 (see Fig 21 B). 
[0173] On the other hand, the laser beam 234 
which is locked at a predetermined wavelength and 
which emits forwardly from the semiconductor laser 21 0 
enters the channel optical waveguide 230 (see Fig. 1 8). 
The laser beam 234 is wave-guided through the chan- 
nel optical waveguide 230 in the TE mode and makes a 
phase matching (so-called pseudo phase matching) in 
the periodic domain inversion region thereof. When the 
central wavelength of the laser beam 234 is 950 nm, for 
example, the wavelength of the laser beam 234 Is 
reduced to 1/2, namely, it is converted to the second 
harmonic 262 of 475 nm. This second harmonic 262 
also propagates the channel optical waveguide 230 in a 
wave-guiding mode and emits from the optical 
waveguide end surface. 

[01 74] In accordance with various experiments con- 
ducted by the present inventors, the second harmonic 
which propagates a waveguide in a primary mode was 
turned out to have a larger overlap integral with a funda- 
mental wave than that in a zero mode. Namely, making 
a phase matching of the second harmonic which propa- 
gates in the primary mode, and the fundamental wave 
can improve a wavelength conversion efficiency. For this 
reason, in the present embodiment, a cycle A of the 
periodic domain inversion structure is set such that the 



second harmonic 262 which propagates the channel 
optical waveguide 230 of the light wavelength convert- 
ing element 214 and the fundamental wave 234 make a 
pseudo phase matching. More specifically, when an 

5 effective refractive index of the optical waveguide with 
respect to the fundamental wave is no, an effective 
refractive index thereof with respect to the second har- 
monic is n2(a and a wavelength of the fundamental 
wave is XF, the cycle A is determined to satisfy the fol- 

70 lowing equation: 

n2(o-n(D=A.F/2A 

[0175] Further, the laser beam 234 whose wave- 
rs length has not been converted also emits from the opti- 
cal waveguide end surface in the state of the divergent 
light. The second harmonic 262, and the laser beam 
234 are made parallel by the collimator lens 264. 
Accordingly, light whfeh emits from the optical 
20 waveguide end surface of the light wavelength convert- 
ing element 214 is made parallel by the collimator lens 
264, and thereafter, the second harmonic 262 is 
branched by the IR cutting filter 266 and then emitted. A 
portion of the emitted second harmonic 262 reflects 
25 from a half mirror 268 and is detected by the photodiode 
270 to thereby control power of the laser beam. 

(Eleventh Embodiment) 

30 [0176] As shown in Fig. 31. a light wavelength con- 
verting module according to an eleventh embodiment of 
the present invention is structured in the same manner 
as that of the tenth embodiment of the present invention 
which is shown in Figs. 26, 27, and 28 except that the 
35 LD-SHG unit 220 is hermetically sealed in the package 
238, a lens having a large working distance is used as 
the collimator lens 236, and the collimator lens 236 is 
placed at an external portion of the package 238. 
Accordingly, portions identical to those shown in the 
40 previous embodiment are denoted by the same refer- 
ence numerals, and a description thereof will be omit- 
ted. 

[0177] The LD-SHG unit 220, and an inert gas such 
as a dry nitrogen or a dry air are hermetically sealed in 
45 the package 238 as a hennetic sealing member, and 
fixed therein. The package 238, and the mirror 212 are 
fixed onto the substrate 248 in a state in which the LD- 
SHG unit 220 is hermetically sealed. Between the win- 
dow plate 242A and the min^or 212 of the package 238. 
50 the collimator lens 236 which makes parallel the back- 
ward emitting light 234R from the semiconductor laser 
210, the narrow band-pass filter 256 as the wavelength 
selecting element which is held by the holder 254 so as 
to be rotatable, the pair of the total reflecting prisms 
55 258 A and 258B for turning the optical path of the laser 
beam 234R by about 1 80°, and the condenser lens 260 
which converges the laser beam 234R which has been 
made parallel on a surface of the mirror 212 applied by 
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the HR coating 252 are disposed in this order and pro- 
vided on the substrate 248. Further, any of the distribu- 
tion refractive index rod lens such as Cellfoc (product 
name), the non-spherical lens, and the spherical lens 
can be used. 5 
[0178] The light wavelength converting module can 
be prepared in the same manner as the tenth embodi- 
ment of the present invention except that, as shown in 
ng. 32, the LD-SHG unit 220 which is mounted on the 
substrate 248 through the adhesive or the YAG welding 
is fixed in the package 238 is hermetically sealed, and 
as shown in Fig. 33, this package 238 is mounted on the 
substrate 248, and thereafter, the collimator lens 236, 
which is disposed at an external portion of the window 
plate 242A of the package 238, is mounted on the sub- 
strate 248. 

(Twelfth Embodiment) 

[0179] A light wavelength converting module 
according to a twelfth embodiment of the present inven- 
tion is structured in the same manner as that of the elev- 
enth embodiment of the present invention which is 
shown in Rg. 31 except that, as shown in Rg. 34, other 
than the LD-SHG unit 220, the collimator lens 264 which 
makes parallel the second harmonic 262 or the like 
which emits from the forward emitting end surface of the 
light wavelength converting element 214 is hermetically 
sealed In the package 238. Accordingly, portions identi- 
cal to those shown in the previous embodiment are 
denoted by the same reference numerals, and a 
description thereof will be omitted. 
[0180] The collimator lens 264 which makes paral- 
lel the second harmonic 262 (including the fundamental 
wave 234) which emits from the forward emitting end 
surface of the light wavelength converting element 214 
is mounted to the LD-SHG unit 220. The collimator lens 
264, and inert gas such as dry nitrogen or dry air are 
hermetically sealed in the package 238 as the hermetic 
sealing member, and fixed inside the package 238. As 
the collimator lens 264, a non-spherical tens having 
small abenBtion is preferably used. 
[0181] In a state in which the LD-SHG unit 220 and 
the collimator lens 264 are hennetically sealed in the 
package 238, the package 238, and the mirror 212 are 
fixed onto the substrate 248. Outside the window plate 
242B of the package 238, the IR (infrared rays) cutting 
filter 266 which removes infrared ray components from 
the second harmonic 262 which has been made paral- 
lel, a photodetector which is fomned by the half mirror 
268 and the photodiode 270 are provided, and fixed to 
the substrate 248. 

[0182] This light wavelength converting module can 
be prepared in the same manner as that of the eleventh 
embodiment of the present invention except that the LD- 
SHG unit 220, which has been fixed onto the substrate 
222 by using the adhesive or the WAG welding and to 
which the collimator lens 264 has been mounted, is 



fixed and then hennetically sealed in the package 238. 
Then, the package 238 Is fixed onto the substrate 248. 
[0183] A polarization direction of the second har- 
monic which is obtained by the light wavelength con- 
verting module according to the tenth to twelfth 
embodiment of the present invention is parallel to a 
direction of the mounting platfonn 272. However, as 
shown In Rgs. 35A and 35B, a Xy2 plate 292 for control- 
ling polarization can be used to obtain the second har- 
monic 262 which is polarized in a direction orthogonal to 
the mounting platform 272. For example, the }J2 plate 
292 can be mounted to an external side of the dustproof 
cover 275 which Is provided on an optical path onto 
which the second harmonic emits or can be mounted on 
the IR cutting filter 266 in the longitudinal direction 
thereof, as shown in Figs. 35A and 35B, respectively. 
[0184] As described above, in the light wavelength 
converting module according to the tenth to twelfth 
embodiments of the present Invention, because the 
semiconductor laser and the light wavelength convert- 
ing element are connected directly to each other, use of 
a solid-state laser crystal becomes unnecessary so that 
the structure of the present module is simplified. 
Accordingly, a direct wavelength conversion of the fun- 
darfiental wave which emits from the semiconductor 
laser can be carried out by using the light wavelength 
converting element. As a result, the degree of freedom 
in selecting an oscillating wavelength is enhanced, thus 
enabling a rapid modulation. 

[0185] Further, in the light wavelength converting 
module according to the tenth to twelfth embodiments of 
the present invention, by merely hermetically sealing a 
small number of components having the semiconductor 
laser and the light wavelength converting element in the 
package, the manufacturing of the module is facilitated. 
Since the number of components to be hennetically 
sealed is small, deterioration of the sealed components 
over time due to gasses which are generated from the 
respective components can be prevented. 
[0186] Particularly, in the light wavelength convert- 
ing element according to the eleventh embodiment of 
the present invention, since a connection unit in which 
the semiconductor laser and the light wavelength con- 
verting element are connected to each other is hermet- 
ically sealed in the package, the number of the 
components can be further reduced. On the other hand, 
in the light wavelength converting element according to 
the tenth to twelfth embodiments of the present inven- 
tion, since the collimator lens is hermetically sealed in 
the package, when the collimator lens is mounted to the 
module or the like, alignment of the optical axes of the 
lens and the semiconductor laser or the light wave- 
length converting element becomes unnecessary. 
[0187] Moreover, in the light wavelength converting 
module according to the tenth to twelfth embodiments of 
the present invention, since a mirror in which the AT 
coating is applied to the laser beam incident side sur- 
face of the mirror while the HR coating is applied to the 
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surface opposing the laser beam incident side surface 
thereof is used, a beam spot diameter between the sur- 
faces of the mirror becomes large, dust is not liable to 
deposit on the surfaces of mirror, and deterioration of 
the reflectance of the mirror due to the deposition of 5 
dust can be prevented. 

[0188] In the external resonator-type semiconduc- 
tor laser, light such as fed-back light which is fed back 
from the external resonator and which have different 
optical paths are synthesized and emitted. Since light 
having different optical paths interfere with each other, 
as the state in which light interferes with each other 
changes, linearity of IL characteristic may deteriorate. 
For example, by increasing the amount of a cun-ent to 
be applied to the semiconductor laser, heat is generated 
by the semiconductor laser itself so that the reflectance 
and the optical length are changed, and the oscillating 
wavelength of the semiconductor laser is thereby 
changed. Accordingly, due to such a change of the 
oscillating wavelength of the semiconductor laser, the 
state of the light interference is changed so that the lin- 
earity of IL characteristic deteriorates. However, in the 
light wavelength converting module according to the 
tenth to twelfth embodiments of the present invention, 
since a resonator length of the external resonator is 
made larger than the coherent length of the fundamen- 
tal wave, the light interference due to the fed-back light 
is not caused so that the linearity of IL characteristic can 
be maintained. Namely, when the resonator length of 
the external resonator is made larger than the coherent 
length of the fundamental wave, a slight variation of the 
resonator length of the external resonator does not 
influence the oscillating wavelength of the semiconduc- 
tor laser largely. Accordingly, by merely hermetically 
sealing a small number of the components including the 
semiconductor laser and the light wavelength convert- 
ing element is hermetically sealed, the module of the 
present invention can output the converted wavelength 
wave stably in spite of changes in the humidity or 
atmospheric pressure in the environment in which the 
module is used. 

[0189] Further, in the light wavelength converting 
module according to the tenth to twelfth embodiments of 
the present invention, since the external resonator is 
structured to turn the optical path, the light wavelength 
converting module can be made compact. 
[0190] In the light wavelength converting module 
according to the same embodiments as described 
above, since the semiconductor laser in a transverse 
single mode Is used, no problem of a transverse mode 
hop is caused. 

[0191] In the light wavelength converting module 
according to the same embodiments as described 
above, since the second hamnonic which is the Gaus- 
sian beam is obtained, a recording light can be focused 
on a smaller spot and can be used suitably as a record- 
ing light source of a light scanning recording device. 
[0192] When the width of a transmission band of 
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the wavelength selecting element is set larger than the 
Fabry-Perot distance between the wall opening sur- 
faces of the semiconductor laser, the semiconductor 
laser oscillate in a plurality of vertical modes. In such a 
state, even when a driving current of the semiconductor 
laser is fixed, there is caused a phenomenon which is 
called "vertical mode competition" in which an electric 
power distribution rate to each vertical mode varies over 
time. However, in the light wavelength converting mod- 
ule according to the tenth to twelfth embodiments of the 
present invention, since the high frequency current is 
superposed on the driving current of the semiconductor 
laser to thereby modulate and drive the semiconductor 
laser, the driving current does not remain in a region 
where the vertical mode competition is caused, thus 
suppressing the vertical mode competition. 
[0193] In this way, since the semiconductor laser 
and the light wavelength converting element are con- 
nected directly to each other, use of a solid-state laser 
crystal becomes unnecessary so that the present mod- 
ule can be structured simply. Accordingly, a wavelength 
conversion of the fundamental wave which emits from 
the semiconductor laser can be carried out directly by 
using the light wavelength converting element. As a 
result, the degree of freedom in selecting an oscillating 
wavelength is enhanced, thus enabling a rapid modula- 
tion. 

[0194] Since only a small number of the compo- 
nents including the semiconductor laser and the light 
wavelength converting element is hermetically sealed 
by the hemietic sealing member, the manufacturing of 
the module is facilitated. Further, since the number of 
components which are hermetically sealed is small, an 
effect can be provided in that deterioration of the sealed 
components over time due to gasses which are gener- 
ated from the respective components can be prevented. 
[0195] The light wavelength converting module 
including the above-described light conversion unit can 
also provide the same effect. 

[0196] By applying a light-passing coating onto the 
laser beam incident side surface of a reflecting member 
and applying a high reflectance coating onto the surface 
opposing the laser beam incident side surface, the 
beam spot diameter between the surfaces of the reflect- 
ing member becomes larger, as compared to a case in 
which the laser beam is made to converge to the sur- 
faces of the reflecting member. Accordingly, effects are 
provided in that dust hardly deposits on the surfaces of 
the reflecting member, thus preventing deterioration of 
the reflectance of the reflecting member. 
[0197] Since the resonator length of the external 
resonator is made to be larger than the coherent length 
of the fundamental wave, when the resonator length of 
the external resonator varies more or less, this variation 
does not influence the oscillating wavelength of the 
semiconductor laser largely. Accordingly, by merely her- 
metically sealing a small number of the components 
including the semiconductor laser and the light wave- 
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length converting element, the nnodule of the present 
invention can output the converted wavelength wave 
stabty in spite of changes in humidity or atmospheric 
pressure of the environment in which the light wave- 
length converting module is used. 
[0198] The light wavelength converting element 
according to the first to third embodiments of the 
present invention can be applied to the wavelength sta- 
bilized laser according to the fourth to ninth embodi- 
ments of the present invention. Further, as described in 
the tenth to twelfth embodiments of the present inven- 
tion, the connection unit which connects the lens, the 
semiconductor laser, and the light wavelength convert- 
ing element or the connection unit of the semiconductor 
laser and the light wavelength converting element can 
be hermetically sealed in the wavelength stabilized 
laser according to the fourth to ninth embodiments of 
the present invention. 

[0199] The light wavelength converting element 
according to the first to third embodiments of the 
present invention can be applied to the wavelength sta- 
bilized laser according to the fourth to ninth embodi- 
ments of the present invention, and as described in the 
tenth to twelfth embodiments of the present invention, 
the connection unit which connects the lens, the semi- 
conductor laser, and the light wavelength converting 
element or the connection unit of the semiconductor 
laser and the light wavelength converting element can 
be hermetically sealed in the wavelength stabilized 
laser according to the fourth to ninth embodiments of 
the present invention. 

[0200] The light wavelength converting element 
which is hermetically sealed according to the tenth to 
twelfth embodiments of the present invention can be 
replaced by the light wavelength converting element 
according to the first to third embodiments of the 
present invention, or can be replaced by a conventional 
light wavelength converting element which can reduce 
the amount of the fed-back light or which is not provided 
with a function which reduces the influence due to a fed- 
back light. Further, according to the tenth to twelfth 
embodiments of the present invention, an example in 
which the resonator length is made longer than the 
coherent length has been described. However, the 
present invention is not limited to this. 

Claims 

1 - A light wavelength converting element comprising: 

(a) a substrate having a nonlinear optical effect; 
and 

(b) an optical waveguide formed on the sub- 
strate, the optical waveguide having first and 
second end surfaces which oppose one 
another, with the second end surface inclined 
relative to a direction substantially orthogonal 
to the first end surface, the second end surface 
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emitting a converted wavelength wave when a 
fundamental wave enters the first end surface. 

2. A light wavelength converting element according to 
5 claim 1, wherein said second end surface is 

inclined at an angle of at least 3 degrees relative to 
said direction. 

3. A light wavelength converting element according to 
10 claim 1, wherein said second end surface is 

inclined at an angle of at least 7 degrees relative to 
said direction. 

4. A light wavelength converting element according to 
15 claim 1 , further comprising a reflection prevention 

coating disposed on said second surface, the coat- 
ing having a reflectance with respect to the funda- 
mental wave entering the first end surface, of less 
than approximately 0.1%, wherein said second end 
20 . . sur^ce is inclined at an angle of at least 3 degrees, 
and less than 7 degrees relative to said direction. 

5. A light wavelength converting element according to 
claim 1 , wherein the reflection prevention coating is 

25 Si02. 

6. A light wavelength converting element according to 
any one of claims 1 to 5, wherein the light wave- 
length converting element is for use with an exter- 

30 nal resonator-type semiconductor laser for 
producing a laser beam for use as the fundamental 
wave, the fight wavelength converting element fur- 
ther comprising a module adapted for direct con- 
nection to said semi-conductor laser. 

35 

7. A light wavelength converting element according to 
daim 6, further comprising a device which super- 
poses high frequency cun-ent for driving said exter- 
nal resonator- type semiconductor laser. 

40 

8. A light wavelength converting system comprising: 

(a) a substrate having a nonlinear optical effect; 

(b) an optical waveguide formed on the sub- 
45 strate, the optical waveguide having first and 

second end surfaces, the second end surface 
emitting a converted wavelength wave when a 
fundamental wave enters the first end surface; 
and 

50 (c) a block of material having a refractive index 

substantially equal to the refractive index of 
said optical waveguide connected to said sec- 
ond end surface of said optical waveguide. 

55 9. A light wavelength converting system comprising: 

(a) a substrate having a nonlinear optical effect; 

(b) an optical waveguide fomned on the sub- 
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strate, the optical waveguide having first and 
second end surfaces, the second end surface 
emitting a converted wavelength wave when a 
fundamental wave enters the first end surface; 
and 

(c) a phase modulation portion for modulating a 
phase of said fundamental wave. 

10. A light wavelength converting system according to 
claim 9, wherein said phase modulation portion is 
provided between a position at which wavelength 
conversion occurs and said second end surface. 

11. A wavelength stabilized laser, comprising: 

a semiconductor laser having a coherent 
length and a laser beam emitting end surface; 
a device which feeds a laser beam emitted 
from said semiconductor laser back to said 
semiconductor laser along a, feed back path 
having an optical length greater than said 
coherent length; and 

a band-pass filter disposed between said 
device and said semiconductor laser, which 
substantially passes therethrough only light of 
predetermined wavelengths. 

12. A wavelength stabilized laser according to claim 1 1 , 
wherein said device which feeds said laser beam 
back to said semiconductor laser is a mirror. 

13. A wavelength stabilized laser according to claim 1 1 , 
wherein said device which feeds said laser beam 
back to said semiconductor laser is a converging 
element and an optical fiber, the optical fiber having 
both an incident end surface and a reflecting end 
surface, the incident end surface disposed for 
receiving converged laser light from the converging 
element. 

14. A wavelength stabilized laser according to any one 
of claims 11 to 13, further comprising a mirror dis- 
posed along the feed back path between said sem- 
iconductor iaser and said device which feeds said 
laser beam back to said semiconductor laser. 

15. A wavelength stabilized laser according to any one 
of claims 11 to 13, further comprising a prism dis- 
posed in the feed back path between said semicon- 
ductor laser and said device which feeds said laser 
beam back to said semiconductor laser. 

16. A wavelength stabilized laser according to any one 
of claims 11 to 13, further comprising an optical 
material whose refractive index is greater than 1 
and through which said laser beam passes, dis- 
posed between said semiconductor laser and said 
device which feeds said laser beam back to said 



semiconductor laser. 

17. A wavelength stabilized laser according to any one 
of claims 11 to 16, wherein high frequency current 

5 is superposed for driving said semiconductor laser. 

18. A wavelength stabilized laser according to any one 
of claims 11 to 17, having a light wavelength con- 
verting element which converts a laser beam emit- 

10 ted from said semiconductor laser to a second 
harmonic. 

19. A wavelength stabilizing laser according to any one 
of claims 11 to 18, wherein said semiconductor 

15 laser is directly connected to the light wavelength 
converting element, the wavelength converting ele- 
ment comprising: 

(a) a substrate having a nonlinear optical effect; 
20 and 

(b) an optical waveguide formed on the sub- 
strate, the optical waveguide having first and 
second end surfaces which oppose one 
another, with the second end surface inclined 

25 relative to a direction substantially orthogonal 

to the first end surface, the second end surface 
emitting a converted wavelength wave when a 
fundamental wave enters the first end surface. 

30 20. A wavelength stabilized laser, comprising: 

a semiconductor laser; 

a device which feeds a laser beam emitted 
from said semiconductor laser back to said 

35 semiconductor laser; and 

a band-pass filter disposed between said 
device and said semiconductor laser, which 
substantially passes therethrough only light of 
predetermined wavelengths, 

40 wherein the optical length from a laser beam 

emitting end surface of the semiconductor 
iaser to a position at which the laser beam is 
fed back is substantially 100 mm. 

45 21. A light wavelength converting unit, comprising: 

(a) a semiconductor laser having a reflecting 
member, and first and second surfaces, the 
laser when operated emitting a laser beam 
50 through the first end surface towards the 

reflecting member which forms an external res- 
onator, and causes a laser beam to emanate 
as a fundamental wave from the second end 
surface; 

55 (b) a light wavelength converting element con- 

nected directly to said second end surface of 
said semiconductor laser to convert a wave- 
length of the fundamental wave when emitted 
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from said second end surface of said semicon- 
ductor laser; 

(c) a connection unit directly connecting the 
laser to the converting element; and 

(d) a hermetic sealing member hermetically s 
sealing the connection unit directly connecting 
said semiconductor laser and said light wave- 
length converting element. 

22. A light wavelength converting unit, comprising: 10 

(a) a semiconductor laser having a reflecting 
member, and first and second surfaces, the 
laser when operated emitting a laser beam 
through the first end surface towards the is 
reflecting member which forms an external res- 
onator, and causes a laser beam to emanate 

as a fundamental wave from the second end 
surface; 

(b) a light wavelength converting element con- 20 
nected directly to said second end surface of 
said semiconductor laser to convert a wave- 
length of the fundamental wave when emitted 
from said second end surface of said semicon- 
ductor laser; 25 

(c) a lens disposed adjacent to at least one of 
said first end surface of said semiconductor 
laser and said emitting end surface of said light 
wavelength converting element, 

(d) a connection unit directly connecting the 30 
lens to the semiconductor laser and the light 
wavelength converting element; and 

(e) a hermetic sealing member hermetically 
sealing the connection unit directly connecting 
said lens to said semiconductor laser and said 3S 
light wavelength converting element. 

23. A light wavelength converting module comprising a 
reflecting member which forms an external resona- 
tor, and said light wavelength converting unit 40 
according to claim 7 or 21 . 

24. A light wavelength converting unit according to 
claim 23, wherein said reflecting member has an 
incident side surface and an opposing surface, with 45 
a light-passing coating film disposed on the incident 
side surface and a high reflectance coating film pro- 
vided on said opposing surface. 

25. A light wavelength converting module according to so 
claim 23 or 24, wherein said fundamental wave has 

a coherent length and said external resonator has a 
resonator length greater than the coherent length of 
said fundamental wave. 

55 

26. A light wavelength converting unit according to 
claim 21 or 22, wherein high frequency cun-ent is 
superposed on an electric cun^ent for driving said 



46 

semiconductor laser. 

27. A light wavelength converting module according to 
any one of claims 23 to 25, wherein high frequency 
current is superposed on an electric current for driv- 
ing said semiconductor laser. 

28. A light wavelength converting unit according to 
claim 21, wherein 

said light wavelength converting element com- 
prises: 

(a) a substrate having a nonlinear optical 
effect; and 

(b) an optical waveguide formed on the 
substrate, the optical waveguide having 
first and second end surfaces which 
oppose one another, with the second end 
surface inclined relative to a direction sub- 
stantially orthogonal to the first end sur- 
face, the second end surface emitting a 
converted wavelength wave when a funda- 
mental wave enters the first end surface. 

29. A light wavelength converting module according to 

claim 25, wherein 

said light wavelength converting element com- 
prises: 

(a) a substrate having a nonlinear optical 
effect; and 

(b) an optical waveguide formed on the 
substrate, the optical waveguide having 
first and second end surfaces which 
oppose one another, with the second end 
surface inclined relative to a direction sub- 
stantially orthogonal to the first end sur- 
face, the second end surface emitting a 
converted wavelength wave when a funda- 
mental wave enters the first end surface. 
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